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PREFACE. 



^^HtA.viNi3 been requested by tlie publisher of the 
^^Ht-known series of rudimentnry treatises to adopt 
T^lmilar plan on the subject of " The Combustion of 
Coal, Chemically and Practically Considered," and 
entirely approving of the same, the following paper 
will supply the necessary information on what involves 
not only the great manufacturing interests of the 
kingdom, but that of steam oayigatlon and locomot£(Sfa 
on our railways : in a word, all that has reference t« 
the use of our native coal, and obtaining from it tlfl 
largest measure of available heat. I 

The great practical value of the plan of rvdimenta/ry 
i now so generally recognised as to require 
I comment, and in no instance is it more likely to be 
available than in embodying all that has hitherto been 
luaid on the construction of furnaces and boilers of all 
sriptions. Through the instrumentality of mdi- 
ktary treatises, much useful information is brought 
m7i?7 witbia reach of the great iaAu?ilT\oi. ■ga^ii 
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of the kingdom, and on terms which were incompatibl 
with the more costly publications hitherto adopted. 

These considerations have induced me willingly t 
accede to the publisher's views, instead of preparin 
a new, or Fourth Edition, of works now out of prin 
and to give the whole in the form of a " rudimentar 
treatise." 

C. WYE WILLIAMS. 

LiTEBPOOLy 1858. 





• PREFACE TO THE FIBST EDITION. 

•.mo much interested in the improvement of etei 
lis, from ray connection with several steam 
g^tion companies, and having had a longer and more 
extended experience in the details of their building 
and equipping than, perhaps, any individual director 
of a steam company in the kingdom, my attention has 
been uninterruptedly given to the snhject since the 
Jear 1883, when I first established a steam company, 
lad undertook to have the first steam-vessel constructed 
capable of maintaining a commercial intercourse across 
the Irish Channel, during the winter months, and 
which, till then, had been considered impracticable. 

The result of this long experience is the finding 
that, notwithstanding the improved state to which t&i 
construction and appointments of the hull and gener| 
machinery of steam-vessela have arrived, great unow 
tainty and risk of failure still prevail in the use of faa 
and the generation of steam. 



etruction of the engines, also undertakes that thj 
boilers shall provide a sufficiency of steam to worl 
them ; but what that sufficieney means, has not hm 
decided ; and, in too many instances, the absence ' 
some fixed data on the subject leaving the evils d 
deficiency of steam or ft great expenditure flf ft 
unabated. 

So long as the operations of steam-Tessela wC 
confined to coasting or short voyages, the consequenfl 
of these defects in boilers, as regards the quantity ' 
fuel, were a mere question of pounds, shillings, tt 
pence. "When, however, those operations came to 
extended to long sea voyages, these consequences to 
& more comprehensive range, and involved the too 
important question, whether such voyages were pn 
ticable or profitable. 

From being so deeply interested in the improvem* 

of this department of steam navigation, 1 liave watcht 

Hnith no small anxiety, the efforts of the engineers 

^^Urive at some degree of certainty in what was admitti 

on all hands, to be the most serious drawback to t 

successful application of steam-vessels to long t 

voyages. I perceived the absence of any well-found 

principle in the consti-uction of the boiler — that t 

jiart on which most depended appeared least und( 

stood, and least attended to, namely, tVe jurtiatc 



tti&t this was too often left to the skill (or want of it) i 
working boiler- makers. I saw tliat, aUhougb tlie grei 
operations of combustion carried on in the fumao 
with ail that belongs to the introduction and employ) 
ment of atmospheric air, were among the most dlfficuU 
processes within the range of chemistry, the absence 
eoond scientific principles still continued to prevail; 
' yet on these must depend the extent or perfection < 
the combustion in our furnaces. 

I 

Years were still passing away, and while every oth) 

depai"tment was fast approaching to perfection, all th( 

belonged to the combustion of fuel — the production t 

smoke — and the wear and tear of the furnace part c# 

I Hie boiler, remained in the same staUis quo of 

Itiunty and insufficiency; and even that boilers f 
their furnaces, constructed within the last few jei 

eshibit still greater violations of chemical truths, aai 
I a greater departure from the principles on which natue^ 

proceeds. 
' In the proper phice I will show, that, of late yei 

BB much uncertainty as to the success of a new boUeZ 
I has prevailed as when I first began operations, thirt] 
' years ago; and tluit few boilers, for laud or marine 
I engines, exhibit more in the way 
■ Combustion or economy of fuel than 

jieriod since the days, of Watt, 



s, for laud or marine 
ay of effecting perfect! 
lan those of any formed 
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I do not affect to give any new view of the nature of 
combustion. What I take credit for is, the practical 
application, on the large scale of the fumaee, of those 
chemical truths which are so well known in every 
laboratory. I also take credit for bringing together 
the scattered facts and illustrations of such authorities 
as bear on the subject before us, and so applying them 
as to enable practical men to understand that part 
which chemistry has to act in the construction, arrange- 
ments, and working of our boilers and furnaces. 

C. W. WILLIAMS 
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COMBUSTION OF COAL 



PREVENTIOI^ OF SMOKE. 



PART FIRST. 



CHAPTER I. 



In the following treatise I do not imdoitake to sliow bow 
tjie smoke from coals can be burned; but I do undertake to 
show how coaU may he burned Kiihout gmoie; and thia 
distinction iuTolves the maiE question of economy of fuel. > 

"WTieu smoke is once produced in a furnace or flue, it ia tA 
impossible to buru it or conyert it to beating purposes, as i| 

iifould be to convert tbe smoke issuing from tlie flame of )| 
candle to the purpoaes of heat or ligbt. 
When we see smoke issuing from the flame of an ill- 
I adjusted comioon lamp, we also find the flame itself dull and 
murky, and the beat and light diminished in quantity. Do 
we then attempt to hum that smoke ? No ; it would be 
I impossible. Again, when we see a well-adjusted Argand 
lamp burn without producing any smoke, we also see the 
jdtaie white and clear, and the quantity oi \ieB.\, tmi "i^cfc. 
^^^^tsed. In thia case, do we say tKe lami^ burnt iU v 



2 THE COMBUSTION OF COAL 

No; we say the lamp hums toithout smoke. This is the fiict, 
and it remains to be shown why the same language may nol 
be applied to the combustion of the same coal and the same 
gas, in the furnace^ as in the lamp. 

In a treatise purporting to describe the means of obtainmg 
the largest quantity of heat from coal^ the first step is an 
inquiry into the varieties of that combustible and its respeo- 
tive constituents. 

The classification of the various kinds of coal, the detaih 
of an elaboratie analysis, made by Mr. Thomas BichardsoDj 
with the aid of Professor Liebig, are as follows: — 



1 

SlKJcios of Coal. 


Locality. 


Carbon. 


Hydrogen. 


Azoto and 
Oxygon. 


Ashee. 


. Splint 


Wylam 

Glasgow 

Lancashire... 
Edinburgh... 
Newcastle ... 

Glasgow 

Newcastle ... 
Durham 


74-823 
82-924 
83-753 
67-597 
84-846 
81-204 
87-952 
88-274 


6-180 
5-491 
5-660 
5-405 
5-048 
5-452 
5-239 
5-171 


5-085 
10-457 

8-039 
12-432 

8-430 
11-923 

5-416 

9-086 


13-912 
1-128 
2-548 

14-566 
1-676 
1-421 
1-398 
2-519 


1 

1 .. 


1 It 

Cannel 

1 It 

Cherry 

i »»^ 

. Caking 

11 



The most important feature in reference to this analysif 
is the large proportion of hydrogen which all bituminoui 
coal contains, and which may be estimated at 5i per cent.— 
hydrogen being the main element in the evolved gas, and bj 
the combustion of which flame is produced. 

The theory of combustion is now well understood b} 
scientific men ; but, as a practical art, it still remains at a 
very low ebb. 

We know, scientifically^ that carburetted hydrogen and 

the other compounds of carbon require given quantities oi 

atmospheric air to effect their combustion ; yet we adopt no 

means, practically , of ascertaining what quantities are sup- 

plied, and treat them as though no such proportions were 

ueceasary. We inow, sdewt^ficaThj^ ttie teAsAiW^ igto^or^vm 
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l^SfWhirfi the constituenta of atniosplieric air ara combined ; 
yet, practieallff, we appear wholly indifferent to the distinct 
naturo of these constitnente, or their effects ia combustion. 
We know, scientifiaalljf, that the inflammable gaaea are 
combustible only in proportion to the dei/ree of mixture and 
Tinion which ia effected between them and the oxygen of the 
■ir; yei, practically, we never trouble our heads as to whether 
we have eifected such mixture or not. ThcBe and many 
Bimilac illuatratione exhibit a reprehensible degree of care- 

I leBanesa which can only be corrected by a sounder and more 
scientific knowledge of the eubject ; and this can only be 

I attained through the aid ofcliemistry. 
The main constitueuta of all coal, as we see in the pre- 
ffiding table, are carbon and Jiijdrogen. 

IJji the natural state of coal, the hydrogen and carbon are 
united and solid. Their respective characters and modes of 
entering into combustion are, however, essentially different ; 
I and to our neglect of this primary distinction is referable 
tuudi of the dilficulty and complication which attend the use 
Of ooal on the large scale of our furnaces. 

The first leading distinction is, that the hitumiDous portion 
Qi convertible to the purposes of heat in thejaseous state 
alone; while the carbonaceous portion, on the contrary, ia 
Combustible only in the solid state ; and, what is essential to 
be borne in roindj neither can he consumed while they remain 
taiited. 

The use of the term "fuel,'" aa applied to the combustion 
of coal during its several proceases in the furnace, without 
Inference to any particular constituent, whether gaseous or 
aolid, ia sufficiently indicative of the inattention to the 
chemical conditions of combustion.* 

" Many instanMe of inattuntion nuflit Lore T>s giren. Tha following 
'WtU mffice. In a j>apa]nr treatise on the Btesm-engine, lij Di. L«.i<li!«c, 
kpeakuiB of Bmnton's reToIting grate, liB otBertea, "1\iq cntta «.to'\Ji 
dam finED tie Sapper on the grate, and aa Ihej desceoA ro "serj am 
lUMiOitieB ai a tmn% iAy we almont immediately tgnUed," 'fiei*' '>!aa ■ 
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der^ 



^^H The genera] impresBion is, that coal, spoken of under 
^^Botijectionalile tenn of "fuel," enters into combustion at otut, 
^^Kl on the application of heat, and that, during sucJt combustion, 
' it BTolves the gaseous matter which it contaius. This, 

however, is neither correct nor ecientiBc, and evades an 
important feature in the iiae of coal, namely, t?ie order inl 

I which the gaseous and solid portions come into use ta heat-i 
giving media. | 

When heat is first applied to bituminous cool, the ques*] 
tion naturally arises. What becomes of it ? or. What is iti| 
effect? ] 

A charge of fresh coal thrown on a furnace in an addni 
state, BO far from augmenting the general temperatursJ 
becomea at once an absorbent of it, and the source of tfcM 
volatilisation of the bituminous portion of the coal; in ■ 
Word, of the generation of the gas. Now, volntiliaation ifi] 
the moat cooling process of nature, by reason of the quantity 
of heat which is directly converted from the sensible to tiuh 
talent state. So long as any of the bituminous constituentw 
remain to be evolved from any atom or division of the cod^ 
its solid or carbonaceous part remains black, at a compaflh 

»tively low temperature, and utterly inoperative as a heating 
tody. In other words, the carbonaceous part has to wait »W 
itim for that heat which is essential to its own combustiOB| 
and in its own peculiar way. 

If this bituminous part be not consumed and turned to 
account, it woidd have been better had it not existed in tha 

»coaI; as such heat would, in that case, have been saved ani 
'St represented as Ijeing iffmted, or convBrtad into flame, whicli a inoor 
Ooahgat may he inverted into flame, and cnlx ma; be ignited, liut 
f can neither be ignited nor converted into flame. 

Again, "Bat, until tbcir i^jtioii is complete, a antokc vill Aifl% 
whiob, passing to the fine over the hnrning coal, mil be igitiled. " Here ~ 

Iii the got nhich is ignited — tlie term imoke being improperly nsed initnl 
flf gas. This, also, ia incorrect, as smote, propcrlj speakiug, being 
Anneil, eajinet he ignited or inflamed in the same furnace. 
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become available for t!ie fauaiaesB of t!ie furnace. To tliie 
carcumstonce may bo attributed the alleged comparatively 
.gieater heating properties of coke, or anthracite, over' 
"bitntninous cool. 

The point next under coneideration will be the processet' 
ioddent to the combustion of the gaseous portion of th» 
coal, aa distinct &om the carbonaceous or toUd portion. 



CHAPTER II. 



I HAVDia pointed out the leading characteriatic in the 
of cool, arising out of ita elementary divlaioua liituiiiiiiouifiDO, 
tarbonaceauB, our nest step is, ita union with atmospherifl 
far. This part of the aubject will require the more attentionj 
n the practicable economy in the use of coal will be found' 
connected with the combuation of the gases. The mechanical 
^engineer may aafc, "What has this to do with boiler-mofcingf- 
iBld furnace-building ? Nevertheleaa, ifc involves the whole 
question of right or wrong, so long aa a furnace is to be 
part of a hoilcr, and that coal is to be consumed in that 
fiirnace. 

On the application of heat to bituminous coal, the firsfi; 
result is ita abaorption by the coal, and the disengagement . 
of gafi, from vchich flame is escluaively derivable. 

The constitucnta of this gas are, hydrogen and carbon: and 
the unions which alone concern us here are, carbureUei 
ij/drogen and hi-carhuretted hydrogen, commonly colled 
olefiaat gaa. 

ComhustihiMti/ is not a quality of the combuatible, iaJceii 

Ig itself. It is, in the case now before us, the union. o£ tba 

tiU mth oxffgen, and which, tor t\na TeaaoB,'ia 
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the ^^ supporter ;'^ neither of which, however, when takei^ 
alone y can be consumed.* 

To effect combustion, then, we must have a combustihle ad 
a supporter of combustion. Strictly speaking, combustun 
means union : but it means chemical union. 

Let us bear in mind that coal gas, whether generated k 
a retort or a furnace, is essentially the same. Again, that 
strictly speaking, it is not inflammable ; as, hy itself^ it can 
neither produce flame nor permit the continuance of flanu 
in other bodies. A lighted taper introduced into a jar (^ 
carburetted hydrogen (coal gas), so far from inflamiTig th< 
gas, is itself instantly extinguished. Efiective combustion 
for practical purposes, is, in truth, a question more ai 
regards the air than the ^as. Besides, wo have no contib 
over the gas, as to quantity, after having thrown the coal oi 
the furnace, though we can exercise a control over that o 
the air, in all the essentials to perfect combustion. It ii 
this which has done so much for the perfection of the lamp 
and may be made equally available for the Jurnaoe; yet 
strange to say, in an age when chemical science is m 
advanced, and in a matter so purely chemical, this is p^ 
cisely what is least attended to in practice. The how^ an( 
the wheny and the where this controlling influence over th< 
admission and action of the air is to be exercised, .are point 
demanding the most serious consideration, and can only h 
decided on strict chemical principles. 

* "In ordinary language, a body is said to bum when its elements unit 
with the oxygen of the air, and form new products. One of the bodies, a 
hydrogen, is termed the burning or combustible body, and the oxygen i 
said to be the supporter of combustion ; but this language, although con 
venient for common use, is incorrect as a scientific expression, for oxygei 
may be burned in a vessel of hydrogen, as well as hydrogen in a vessel o 
oxygen, the one and the other being equally active in the process, ant 
being related to each other in every way alike." — Elements of Chemistry, 
hy RobeH Kane, M.D. Part I., p. 285. 1840. 
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CHAPTEE ni. 

OP THE COKSTITUENTS OF COAL GAS AKD AIE, AND THE 
BELATIYE QUANTITIES BEQUIBED FOB COMBUSTION. 

The first step towards effecting the combustion of any gas, 
is the ascertaining the quantity of oscygen with which it will 
chemically combine, and the quantity of air required for sup- 
plying such quantity of oxygen. Here, then, we are called on 
for strict chemical proofs — these several quantities de- 
pending on the faculty of each in combining with certain 
definite proportions of the other — the supporter; these 
respective proportions being termed ^^ equivalents,^^ or com- 
bining volumes. 

Now, the doctrine of "equivalents," that all-convincing 
proof of the truths of chemistry, reduces to a mere matter 
of calculation that which would otherwise be a complicated 
tissue of uncertainties. 

Much of the apparent complexity which exists on this 
head arises from the disproportion between the relative 
volumes, or lulk, of the constituent atoms of the several 
gases, as compared with their respective weights. Por 
instance, an atom of hydrogen is double the bulk of an atom 
of carton vajpou/r; yet the latter is six times the weight of 
the former. 

Again, an atom of hydrogen is double the bulk of an atom 
of oxygen ; yet the latter is eight times the weight of the 
former. 

So of the constituents of atmospheric air — nitrogen and 
oxygen. An atom of the former is double the bulk of 
an atom of the latter ; yet, in weight, it is as fourteen to 
eight. 

I have stated that there are two deacxvgi&oxA ol\£^^< 
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carbon gases in the combustion of which we are concerned ; 
both being generated in the furnace, and even at the 
same time, namely, the carburetted and hi^arburettei 
hydrogen gases, the proportion of the latter in coal gts 
being estimated at about ten per cent. For the sake of 
simplifying the explanation, I will confine myself to the 
first. 

On analyzing this gas, we find it to consist of two yolumei 
of hydrogen and one of carbon vapour ; the gross bulk of 
these three being condensed into the htdk of a single atom qf 
hydrogen^ that is, into two-fifths of their preyioua bulk, at 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gas — carburetted hydrogen— with its con- 
stituents, carbon and hydrogen ; the space enclosed by the 
lines representing the relative size or volume of eabh» 
and the numbers representing their respective weights — 
hydrogen being taken as unity both for volume and 
weight.* 

Carburetted Hydrogen. 
Fig. 1. 





I Ilydrogcn 



Its constituents, 




* *'Co gaz (carburetted hydrogen) est compost de 75*17 parties (by 
weigbt) de carbone, et 24*33 d'bydrogdne ; ou, d'un voU/wme de carbone 
gazeux et quatre volumes de gaz bydrogdne, condens6s & la moiti6 da 
volume de ce dernier, ou, aux 2/5 du volume total du gaz, de manidre que 
de cinq volumes simples, 11 n*en r^snlte pas plus de deux de la oom- 
binaison/'^-Berzelms, Yol. L, p. 380. 
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Bi-earburetted Hydrogen. 
Fig. 2. 




Its constituents, / ^*J^^ 




Let US now, in the same analytical manner, examine an 
atom of atmospheric air, the other ingredient in combus- 
tion. 

Atmospheric air is composed of two atoms of nitrogen 
and one atom of oxygen ; each of the former being double 
the volume of an atom of the latter, while their relative 
weights are as fourteen to eight : the gross volume of the 
nitrogen, in air, being thus four times that of the oxygen ; 
and in weight, as twenty-eight to eight, as shown in the an- 
nexed figure 3. 

Atmospheric Air. 



Fig. 3. 





In the coal gas we found the constituents condensed into 
iuxyjifths of their gross bulk : this is not the case with air ; 
an atom of which is the same, both as to Ivlk cwvd vseigU^^A 
ibe sum of its constituents, as here atiOTra.. TJcl\3»^ nr^ %sA 



10 THE COlIBrSTION OF COAL 

the oxygen bears a proportion in volume to that of 
the nitrogen, as one to five ; there being but 20 per 
cent, of oxygen in atmospheric air, and 80 per cent, of 
nitrogen. 

We now proceed to the ascertaining tho separate guanUtjf 
of oxygen required hy each of the constituents (of the gas), 
so as to effect its perfect combustion. 

With respect to this reciprocal saturation, the great 
natural law is, that todies combine in certain Jixed propcf 
tions only, both in volume and weight,* 

Tho important bearings of this elementary principle 
cannot be more strikingly illustrated than in the com- 
binations of which the elements of atmospheric air are 
susceptible. 

For instance, oxygen unites chemically with nitrogen in 
fiye different proportions, forming five distinct bodies, each 
essentially different from the others, thus : 

AiomH. Weight. AtoniB. Woight. Oross Weight. 

1 of Nitrogen 14 unites with 1 of Oxygen 8 forming Nitrous Oxide 22 
1 ... 14 ... 2 ... 16 ... Nitric Oxide 80 

1 ... 14 ... 3 ... 24 ... HyponitrousAoid 88 

1 ... 14 ... 4 ... 32 ... Nitrous Acid 46 

1 ... 14 ... 5 ... 40 ... Nitric Acid 54 



* " L'exp6rienco a d6montr6 que, de memo que lea ^Idmens se com- 
binent dans des proportions fixes et multiples, relativement & leur poids^ 
ils se combinent aussi, ' d'uno manidre analogue, relativement A leur 
volume, lorsqu^ils sont ^ Tdtat de gaz : en sorte qu'un volume d*iin 
^14ment se combine, ou, avec un volume 6gal au sien, ou avec 2, 8, 4 et 
plus de fois son volume d'un autre el6ment d. T^tat de gaz. En comparant 
ensemble les ph6nomenes connus des combinaisons do substances gazeuses, 
nous d^couvrons les mhnes his des proportions fixes, que celles que voua 
Tenons de d6duire de leurs proportions en poida : ce qui donne lieu & une 
manidre de se reprSsenter les corps, qui doivent se combiner, sous des 
volumes relatifs & T^tat de gaz. Les degrds de combinaisons sont absolu- 
ment Jea mimes, et ce qui dans Tune est nomm6 atome, est dans I'autre 
appel6 volume, " — Berzelitu, vol. IY.| p. 649. 
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Or thua: 



Fig. 4. 



( Nitrogen, jf Nitrogen. Vo^^S®^- 



j Ifitrogen. ](Oxygcn.\ . 



Atmospherio Ai 



Nitrous Oxide. 



Nitric Oxide. 




HyponitrousAc 



NitrouB Acid. 



' Nitric Acid. 



"We here find the elements of the air we breathe, by a mere 
change in the proportions in which they are united, forming 
so many distinct substances, from the laughing gas, (nitrous 
oxide,) up to that most destructive agent, nitric acid, com- 
monly called aqm-fortis. 

On the application of heat, or what may be termed the 
firing or lighting the gas, when duly mixed with air, the 
hydrogen separates itself fiom ii% /ello\)D-cou«titue'at^ tViC 
Marlon, and forma an union witli oxygenH) ^<& ^-^^^^^ 
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which is water. The saturating eqaivalent of an atonii or 
any other given quantity of hydrogen, is not double the 
volume, as in the case of the carbon, but one-hdlf ita Yolnme 
only — the product being aqueous vapour, that is, steam ; the 
relative weights of the combining volumes being 1 of 
hydrogen to 8 of oxygen ; and the bulk, when combined, 
being two-thirds of the bulk of both taken together, as 
shown in the annexed figure. 



Fig. 5. 



Steam. 




Again, the carbon, on meeting its equivalent of oxygen, 
unites with it, forming carbonic acid gas, composed of one 
atom of carbon, (by weight 6,) and two atoms of oxygen, (by 
weight 16,) the latter, in volume, being double that of the 
former, as in the annexed figure. 



Carbonic Acid. 



Fig. 6. 




9 

f 
sr 



No facts in chemistry, therefore, can be more decidedly 

proved, than that one atom of hydrogen and one atom of 

oxygen (the former heing double the hulk of the latter) unite 

Jn the formation of water; and, further, that one atom of 

carbon vapour and two atoms of oxygesx {$\a latter \wm 
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double the hulk of the former) unite in the formation of car- 
bonic add gas. 

Having thns ascertained the quantity of oxygen required 
for the saturation and combustion of the two constituents 
of coal gas, the remaining point to be decided is, the 
quantity of air that will he required to supply this quantity of 
oxygen. 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears, in volume, to that of 
the air. Por, as the oxygen is but one-fifth of the bulk of 
the air, five volumes of the latter will necessarily be 
required to produce one of the former; and, as we want 
two volumes of oxygen for each volume of the coal gas, it 
follows that, to ohtain those two volumes^ we must provide ten 
volumes of air. 

As the proportion of air required for the combustion 
of the hi-carhuretted hydrogen (olefiant gas) is necessarily 
larger than for the carhuretted hydrogen, a diagram of 
each is annexed, showing the volume of air required for 
combustion. 



Carhuretted Hydrogen, 



BSFOBX COMBUSTION. ELEMSNTABT MIXTURE. 
Weight 



8 Garboretted 
. Hydrogen. 



Ii4 Atmospheric 
Air. 



Atoms. 
^1 Carbon... 

1 Hydrogen 

1 Hydrogen 

1 Oxygen... 

1 Oxygen... 
I 1 Oxygen... 

1 Oxygen... 
,8 Nitrogen 112 




152 



152 



PRODUCTS OF COMBUSTION. 
Weight. 
22 Carbonic Acid. 

9 Steam. 

9 Steam. 



112 Uncombined 

Nitrogen. 

152 
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Bi-Carhuretted Hydrogen. 



BBTOKB COMBUSTION. ELEME5TABT MIXTUBE. 
Weight. Atoms. Weight. 

1 OorboQ... 6 



14 Bi-carbaretted 
Hydrogen. 



216 Atmospheric 
Air. 



230 



r" 



\ 



1 Carbon... C 
1 Hydrogen 1 
1 Hydrogen 1 

1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
1 Oxygen... 8 
12 Nitrogenl68_ 

230 




PB0DU0T8 or coxBVsnoi. 

Weight. 
22 Carbonic Aeid. 

22 Carbonic Add. 

9 Steam. 

9 Steam. 



168 UnoombiDed 
— Nitrogen. 
230 



I 

V 



CHAPTER IV. 

OP THE QUANTITY OF AIE EEQTJIEED FOE THE COMBXTSTIOK 
OF CAEBON, AFTEB THE GAS HAS BEE17 GEITEEATED. 

Hatiko disposed of the question of quantity, as regards 
the supply of air required for the saturation and combustion 
of the gaseous portion of coal, we have now to answer a cor- 
responding question, with reference to the carbonaceous part 
resting in a solid form on the bars (ifter the gaseous matter 
has been evolved. 

Carbon is stated, by chemists, to be susceptible of uniting 
with oxygen in three proportions, by which three distinct 
bodies are formed, possessing distinct chemical properties. 

This peculiarity of the unions of carbon with oxygen is 
wholly unattended to in practice : yet we shall see how 
essential it is in considering the quantity of air to be intro- 
duced to a furnace. 
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I These three proporlionB, in irLicli carbou unites witli 
oxygen, form, Grat, oarlonie aeiil; second, carbonic oxide;. 
and, third, carhonoua acid (or oxalic acid). With the first 
and second only wo have to deal in tiie fiirnace — the differ. 
enee between these two formationa being peculiarlj' im- 
portant to our present subject. 

"Were carbonic acid the only product of the combustion of 
the carbon of the coal iu the furnace, no more would here 
have to be said ; but there is the other state in which w9 
find carbon Uniting aiid passing away with oiygen, and 
which gives rise to considerations of the utmost importance 
in this branch of the inquiry. This other state is that of 
carbonic oxide, the formation of which, in the furnace, : 
TrboQy nnheoded in practice, although its influence on the 
quantity of heat obtained is very considerable, the very, 
name of this gas not haying hitherto been noticed by any 
■writer in connection with combustion in the furnace. 

Carbonic acid, we have seen, is a compound of one atom 
of carbon with two atoms of oiygen ; while carbonic oxida 
ia composed of the same quantity of carbon with hut /wjf 
the above quantity of osygen, as in the annexed figures. 




Cnrbcii, f, fnnniiClirb. 



Carbon, O, firms Carb. 




Mere we see that carbouie oxide, t\io\igU ooiiS-w:^^ 



I 
J 
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one-half the quantity of oxygen, is yet of the same bulk or 
volume as carbonic acidj a circumstance of considerable 
importance on the mere question of draught, and supply of 
air, as will be hereafter shown. 

!N'ow, the combustion of this oxide, hy its conversion into 
the acid, is as distinct an operation as the. combustion of the 
"Carburetted hydrogen, or any other combustible ; yet all thia 
is wholly overlooked in practice in the operations carried on 
in the furnace. 

But the most important view of the question^ and one 
which is little known to practitioners outside the laboratory, 
is as regards the formation of this oxide ; and this is the 
part of the inquiry which most requires our attention. 

The direct effect of the imion of carbon and oxygen is the 
formation of carbonic acid. If, however, we abstract one of 
its portions of oxygen, the remaining proportions would then 
be those of carbonic oxide. It is equally clear, however, 
that if we add a second portion of carbon to carbonic add, 
we shall arrive at the same result, namely, the having carbon 
and oxygen combined in equal proportions, as we see in 
carbonic oxide. 



Fig. 9. 

Oxygen, 8, ^ ^^^ 

Carbon, C, formiDg Cai-b. Oxide, 22 

Oxygen, 8, "^ 





By the addition, then, of a second proportion of carbon to 
the above, two volumes of carbonic oxide will be formed — 
thus: 




Tfow, if these two volumea of carbonic oxide eaiinot Sm 
the oxygen required to complete their saturating equiyalentor 
they pass away ueceBBarily but half consitnied, a circum- 
itance which is coEstantlj taking place in all furnaces 
where the air has to pass through a body of iucimdeBcent 
carbonaceous matter. j 

This frequently lends to a fatal error in what ia colled tbfl 
"oombuBtion of smoke:" for if the carbonaceous conetitiieiiB 
of coal, and, while yet at a high temperature, enconntera 
carbonic acid, this latter, taking up an additional portion of 
(larbon, ia converted into carbonic oxide, and again becomes 
(gaseous and invisible combustible. 
The moat prevailing operation of the furnace, howevei'( 
by which the largest quantity of carbon ia lost in tbi 
of carbonic o^eiJe, is thus : — The air, on entering froid 
iBshpit, gives out its oxygen to the glowing carbon oQ; 
I, and generates much heat in the formation of cap» 
lo acid. This acid, necessarily at a very high tempa* 
rature, passing upwards through the body of incandesceut 
solid matter, takes up an additional portion of the carbon^ 
and becomes carbonic oxide.* 

' " Cubonis oude may be obtaiaeil hy trsnGmitting carbonia acid am 
ndluit fitigmeiitB of duLrcoaJ coataioed in on iroQ or poroeliuatdhe. Itit- 
(uB/ kindled .* combiaas with LalfitBTolmae of oi.36f«>i'o'™^^'^*""^*™^ 
add, irMcb mtaina the original volume of the ewtoiuc osiie. To* t»w 
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Thus, by the conyersion of one volume of acid into two 
volumes of oande, heat is actually absorbed, while we ak> 
lose the portion of carbon taken up during such conversioii, 
and are deceived by imagining we have ** humed the gmoie" 

The formation of this compound, carbonic oxide, being 
thus attended by circumstances of a curious and involved 
nature, is, probably, the cause of the prevailing ignorance of 
its properties. Por, while we find, in eveiy mouth, the 
term carbonic acid^ as the product of combustion, we hear 
nothing of carbonic oxide, one of the most waste-induciiig 
compounds of the furnace, unless provided with its equi- 
valent volume of air, by which its combustion will be 
effected.* 

Another important peculiarity of this gas (carbonic oxide) . 
is, that, by reason of its already possessing one-half iti 
equivalent of oxygen, it inflames at a lower temperatme 
than the ordinary coal-gas; the consequence of which ifl^ 
that the latter, on passing into the flues, is often cooled 
down below the temperature of ignition ; while the formet 
is sufficiently heated, even after having reached the top of 
the chimney, and is there ignited on meeting the air. This 

• 

bnstioii is often witnessed in a coke or charcoal fire. The carbonic aci^ 
produced in the lower part of the fire is converted into carbonic oxid« 
as it passes up through the red hot embers." — QraharrCs JSUmenU rf 
Chemistry, 

* ** Among the stove- doctors of the present day, none are nuH* 
dangerous than those who, on the pretence of economy and convenieiifl^ 
recommend to keep a large body of coke burning slowly, with a dow 
circulation of air. An acquaintance with chemical science would t«wh 
them, that, in the obscure combustion of coke or charcoal, much carbonio 
oxide is generated, and much fuel consumed, with the production of littte 
heat ; and physical science would teach them, that, when the chimiUir 
draught is languid, the burned air is apt to regurgitate through every 
MuiK or crevice, with the imminent risk of causing asphyxia; or death, to 
the ininates of apartments so preposterously heated." — Br, Ure'a Paper Of* 
yentUat^ing and ffeating Apartments, read before the Eoyal Society, 1®^ 
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is the canse of the red flame often seen at the tops of 
chimneys and the funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the 
carbon, either of the gad or of the solid mass on the bars, 
passes away in union with oxygen in any other form or pro- 
portion than that of carbonic acid, a commensurate loss of 
heating effect is the result. 

Hence we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifles 
the observation of Chevreul, in his " Le9ons de Chimie," that 
" la connaissance de sea proprietes est indispensahle pour hien 
eormdUre le carbon J* 

Of the application of carbonic oxide in the manufacture 
of iron, and the mode of effecting its combustion, notice will 
be taken in a subsequent chapter. 



CHAPTER V. 

OS THE QUALITY OP THE AIE ADMITTED TO A EUENACE. 

When we speak of mixing a given quantity of oxygen 
with a given quantity of coal gas, we do so because we know 
that the former is required to saturate the latter ; so when 
we speak of mixing a given volume of atmospheric air with 
a given volume of coal gas, we do so knowing that such 
precise quantity of air will provide the required quantity of 
oseygen. 

H, however, by any circumstance, accidental or otherwise^ 
the air we employ has either lost any portion of its oxygen, 
or is mixed with any other gas or matter, it no longer bears 
the character of pure atmospheric air, and cannot satisfy the 
condition as to quantity of oxygen which was essential to our 
mirpose. 

Ve require ten cubic feet of air to svi5if\j ti»o csviJcKai^ 
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of oaygen to effect the combustion of one cubic foot of coal- 
gas ; but if this quantity of air does not contain this 20 per 
cent., it is manifest we cannot obtain it. The air, in this 
case, may be said to be vitiated or deteriorated ; and, in this 
sense, the quality of the air we employ is entitled to serious 
consideration. 

Let us now inquire how far the ordinary mode of con- 
structing and managing our furnaces enables us to satisfy 
this condition, namely, the providing unvitiated air both to 
the solid carbonaceous portion of the coal on the bars, and 
the gaseous portion in the furnace. 

Tredgold, and others after him, overlooking these dis- 
tinctive features in the processes which coal undergoes in its 
progress towards combustion, give preposterous directions 
as to the introduction of air. He says, " The opening to 
admit air (the ashpit) should be sufficiently large for pro- 
ducing the greatest quantity of steam that can be required, 
but not larger." Here we find the ^^ quantity of steam^* 
actually considered as dependent on the area of ^Hhe 
opening to admit air '* to the ashpit, than which nothing can 
be more incorrect.* If, then, Tredgold could so palpably 
overlook the chemical essentials in the combustion of the 
two separate constituents of coal, it cannot be a matter of 
surprise that those who have been taught to follow in his 
steps should have made so little advance in perfecting our 
system of furnaces. 

I have alluded to Tredgold's directions with the view of 

* "In the construction of fire-places for boilers," he observes, "we 
have to combine everything which is likely to add to the e£fect of fael, and 
to avoid everything which tends to diminish it, as far as possible. Now, 
without some knowledge of the nature of tbe operation of burning, it will 
scarcely be possible to do anything good except hy mere accident We 
should be like seamen in a vessel at sea without a compass, with as little 
ehsuce ofsteenng to the intended port." 

^o man can question whether the absence oi a com'pasa '77c»\>\!iTiSttbQ 
oj^e/ei9bIe to one which, ahould directly induce tib to aXftet ». ^wxoii^ ^iswiaa. 
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pointing attention to that which has hitherto been so 
neglected, namely, the two distinct operations of supplying 
air to the gas generated in the upper part of the furnace, 
and to the solid carbon resting on the bars ; and, also, to 
the injury caused by compelling the whole sv/pphf to pass 
through the ashpit, and through such solid carbon; by 
which not only a deficiency of oxygen is occasioned in the 
air intended for burning the gas, but an undue and 
injurious urging, of the combustion of the carbonaceous 
matter.* 

Tet this is our daily practice. We bring air to the gases 
which has already been employed in a separate and even 
destructive process, and yet expect the result to be satis- 
fectory and the combustion complete. And when we find, 
instead of producing carbonic acid and water, that we have 
produced a large volume of smoTce — of unconsumed combus- 
tible matter — ^we then set about inventing processes by 
which tJm smoJce is to he " consumed" and the evil we had 
ourselves produced, corrected. 

* "To succeed in consuming the combustible gases,*' observes Tred- 
gdd, "it is necessary that they mix with air that has become hot, by 
passing through, overy or among the fuel which has ceased to smoJie ; the 
words of the patent of Mr. Watt, dated 1785." 

Here there can be no mistake, yet nothing can be more unscientific or 
Tmsound in principle. The inevitable result of this operation would be : 
firsts the depriving the air, more or less, of its oxygen ; and, second, by 
niging this increased quantity of air to act like a blast on such red hot 
fuel, to consume it with unnecessary and injurious rapidity. 
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CHAPTER VI. 

OP THE MIXINa AND INCOBPOBATION OF AIR AND 

COAL GAS. 

Having disposed of the questions regarding the quantity 
and quality of the air to be admitted, our next consideration 
is, the effecting such a mixture as is required for effective 
combustion. 

It seems taken for granted, in practice on the large scale? 
that, if air, by any means, be introduced to ** the fuel in the 
fdmace,** it will, as a matter of course, mix with the gas, or 
other combustible, in a proper manner, and assume the state 
suitable for combustion, whatever be the nature or state of 
such fuel. Yet, as well might it be said, that bringing 
together given quantities of nitre, sulphur, and charcoal, in 
masses^ was sufficient for the constitution of gunpowder. It 
is, however, the proper distribution, mixture, and incorpo- 
^ration of the respective elementary atoms of those masses 
which impart efficiency and simultaneousness of action, and, 
necessarily, their explosive character: * and so, also, in the 
bringing bodies of gas and air into a state of preparation for 
efficient and simultaneous combustion. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable gas with a due complement of oxygen 

* Doctor Ure, in his Chemical Dictionary, puts tliis clearly and 
forcibly. Gunpowder is composed of given weights of nitre, charcoal, and 
sulphur, '^intimately blended together by long pounding in woodea 
mortars." Again, **The variations of strength, in different samples, are 
generally occasioned by the more or less intimate division and mixture of 
the parts. The reason of this may be easUy deduced from the consideration, 
tAai mire does not detonsite until in contact with, inflammable matter: 
ff^-beoce the whole detonation will be more speedy 'Csm^ more uumeTOfu* l"hA 
'^^aces o/contace. " 
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gas, the Operation being porformed leisurely, due incot* 
.poratioa follows, and no question as to tlie vant (ftimo- 
arises. 

In this operation tbe quantities are small : both bodies are- 
. gaseous : there is no disturbing in&uence &om the presencs 
other matter: tbe relative quantities of hoth are in^ 
iting pcoportioas; and ahoro all, arc unaSeeted by 
tt or draught, 
compare this deliberate laboratory operation with 
place in the fiu'nace. First, the quantities ars 
secondly, the bodies to be consumed are partly 
partly BoUd: thirdly, the gases evolved from the 
part combustible and part iucombuatible : fourthly, 
forced into connection with a large and often over- 
Lg quantity of the products of combustion, chiefly 
ic acid: fifthly, the very air introduced ia itself 
iorated in passing through the bars and incandescent 
fiielon them, and thus deprived of much of its oxygen: 
ai&ly, and above aU, instead of being allowed a suitable 
lame, the whole are hurried away by the current or draught 
n large maases. 

Dr. Eeid, in his '-'Elements of Chemistry," when de-- 
Bfflbing the detonating mixture, directs " that the oxygen 
b« wll mingled with the hydrogen." Here deliberate 
Beaaurea are taken for the diffusion of a mere phial fuU, yet 
te take no pains to have these same ingredients " viaU 
Angled" in the furnace ! 

In the " Experimental Eesearches on the Diffusion of' 
Gases," by Mr. Graham, we have abundant proof of the 
ibiolate necessity for giving time. In one case, he ob- 
Mrrea, " the receiver was filled with 75 volumes of hydrogen, 
Ud 75 of olefiant gas, agitated and allowed to stand 
water for tweniy-foiir hours, that the mCcture might 
h m perfect as posnhle." In general, be allowed four 
Lran to elapse before he considered tbe gaaca ^w^ii^j^tj 

K _I ^ 
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ProfeBBor Daniell finda, that even in laboratory 
ments, it is essential to give an excess of oiygen to 

adequate portion reaching each atom of the gas. 
DonBumed, no more, however, being consumed than i 
equivalent of ox vgen.* 

But the obiservationa of Professor Faraday should 

at once on the question of lime, and justifies tha^ 

buting BO much iraportance to this hitherto neg 

feature iu the process of combustion on the large acalt 

his " Chemical Manipulations," p. 3G0, he Bays, " It 

|iroper to observe, that, although in making mizti 

gnBes, they \vill become uniform witbout agitation, ^. 

dent time he alhvicd, the period required will be 

fiitending even to hours, iu narrow vessels. If hydrof 

"(brown up into a wide jar full of osygen, bo as to fill ' 

10 further agitation given, the mixture, after the I 

i&ral miitutet, will atill be of difl'erent compoutltn 

id below." Here are »everal minutes proved to bea 

effecting adequate mixture in a jar full of the; 

iwUereaa we cannot afford even several seconds for tbe ■ 

of a furnace full. 

Now this brings us to the conclusion, that, as we e 
•ce the gas and air to mingle with Buf&cient r^ 
under the ordinary circumBtances of the furnace, our 
<hould be directed to the effecting Buch modificatie 
^at furnace as will aid nature in those arrangementa 
W« essential to combustion, rather than in obatn 

Having consulted Professor Daniell on this subj 
■opinion, here given, is. of importance. 

* "In the process wMah Lns bt^on described for cuUectiag the 
of the detanatiaa of hjdrogeii and oijgen, it is acoessary thai 
tniad vers awuro/e/i/, in the proportion of two of tjdtogen 
In these proportions the; enter Into comblnatioa, ai 
and if either were in excess, the Eorplas woold be 
wt."~i'nnWf« Jntnd^ctim to CTtrntent PhyMoi>li.i|. 
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" £isu's College, 8II1. Atirpul, ISJO, 
there can be no doubt, that the affinity of hydrogen for 
a under moat circumstance a ia atronger than that of 
iLcsrbon. If a mixture of two pavta of hydrogen and one of 
carbonic acid be pasaed tbroiigli a red-hot tube, water ia 
formed, a portion of charcoal is thrown down, and carbonic 
oxide passes over with the excess of hydrogen. 

" With regard to the different forms oC hjdro-carbon, ife 
is well known, that the whole of the carbon is never com- 
Iriued with oxygen in the processea of detonation or Bilent 
combustion, unless a large excess ofoxi/gen be present. 

" For the complete combustion of olefiant gas, it is necessary 
to mix the gaa with Jtve timea its volume of oxygen, thoiuj\ 
three only are eonsumcd. If leas bo used, part of the carbon 
etcapeg eomhination, and is deposited as a black powder. 
£vea Bubcarburetted hydrogen it is necessary to mix with 
more than twice ita bulk of oxygen, or the same precipi- 
tation mil occur. 

" It is dear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
fMygen, while a part of their carbon may escape combus- 
Hon, and thai even when enough of oiygen ia present for ita 
saturation. 

"That which takes place when the mjsture is designedly 
mode in the most perfect manner must, undoubtedly, a 
in the common procesaea of combustion, where the miitura 
is fortuitous and much less intimate. Any method of 
ensuring the complete combustion of fuel, consisting partly 
of the volatile hydro-carbons, imtst he founded upon tliepriti- 
ctpZe of producing an intimate mixture teiili them of afinAV- 
pherit! air, in axee»s, in that part of the iuTiiaca ^ -wVuS 
they aatarally rise. In the common, conattuc^ivo^ tS- ^■«s- 
^laees tbia is acarceiy poBBible, aaihe oa:j/gert 0/ tlLealT,wJh«!l 
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_pM»e» through the fire bars, is mostly expended itponi 
solid part of the ignited fuel with which it fir»t i 
contact. 

" J. F. DAIOELia 
"ToC. W. Williams, E.^., &c.i;c." 



CHAPTEE VII. 



,. PsOFESSOB Daniell, ill Uie opiuion just qnoted, statei 

I true priaciple on which any improvement in 

laces for ensuring the complete combustion of bits^ 

puious coal must he founded, uitmely, tlic produeiug 

Aimate previoua mixture betvreeu the gaseouB portion and 

moapheric air. 

f On this head we find many convincing illustrationi of 

~uit nature requires, and what a judicious mode of bringing 

r to the gas con effect, in the common candle, aud in tha 

^gand lamp, that I propose examining these two oiempt- 

'eations of gaseous combinations and comhustion, in die 

mep adopted by the beat British and continenfil. 

jenuBts. 

[ 2dT. Brande obserres, "In a common candle, the talloK 

■ drawn into the wick by capiUary attraction, and then 

mrerted into vapour, vt-hich ascends in the form of a 

nical column, and has its temperature aufEciently elevated 

p cause it to combine with the oxygen of the surrounding 

asphere, with a temperature equivalent to a xckite heat. 

hit this comhustion is superficial only,i\i& flume being! 

hm£bn of white hot vapour, endoamg Eta interior portion) 

tf/iuTji eaftnoi hum for want of oanjgen-i It \a m asosecjiisstttV 



i tnttteriallj inerem 
- through it by ti 



Fig. 11. 



iWD TOE PSEVESTIOS OF 

of tills Btmcture of the fiame that we e 
if* A«a(, by propelling a curretifc of a 
lilow-pipe." 

Dr. Reid observes, " The flame of a candle i« produoM 
by the g*s formed araund the -wick acting upon the oxygoi 
■ nf the air : tke Jiame it solely af the erierior portion of thi 
^H^BBdiug gna. All without ia merely heated air, or tht 
^^■flucta of combustion ; ail wiiAin ia urtconsiuned gas, r 
^Btfe turn to affect (mingle with) the oiygen of the a 
^^"If a glass tube bo introduced within 
1^ flame of a lamp or candle (as represented 
in Kg. 11), part of the unconamned gas 
pRBBes through it, and may be kiadled as it 
eacapes." 

Berthier, toI. i., p. 177, observes, "The 
flame presents four distinct parts : namely, 
fint, the base, of a sombre blue : tliia ia 
the gas irhich burns with difficulty, because 
it boB not yet acquired a suffideiitly high 
tfflnperature ; secondly, an interior dark \ 
tone : this is combustible gaa hiffh2t/ heated, 
ht whiali does not liwn, because it is not mixed with c 
flurdly, the brilliant conical envelope: in thia part, com- 
'baition takes place with a deposit of carbon; fourthlfj 
• tomoal envelope, which gives but little light (' Ireg pm^ 
btiwieuee'), eurronnding the whole flame, ertremely t 
wattenuated ('arfrememeni wiiflw'). Corabiistion is coni'' 
(fete in this part, and it is at its contact with the luminaut 
efireiope that the temperature is the highest." 

Berzelius, vol. viii., p. 131, ohaervea of the flame of « 
(Bttdte : — At its base we perceive a small part of a deep blua 
odour. In the middle is a dark part which contains thi) 
git evolved from tho wick, but which, not being f/etin 
Rpftjl the air, cannot burn : outside of this 19 tlie farillianl 

. jBrt of t!je flame. "We also perceive o- _ 

■JUtep a tbin faintly Juuiinous envelope, ■w^iuii- ^MfiK^Bflfl 
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larger toworda tLo summit of tlie flame. It is there t 
the flame is hottest. Dr. Thomaon, in bis work on " £^ 
and Electricity," und Dumas, in liia " Traitu de Chimie 
ptiquee aux Arts," give aiuiilar illustrations of the comi 
tion of the gas in the flame of a candle. Dr, Ure oboer 
" Nothing plocea in a clearer light the heedlesaueaa of n 
kind to the moat inatructive lessons than their neglect 
to perceive the diflioulty of duly intermingling air i 
inflammable vapours, for the purpose of their combust 
as exhibited in the everyday occurrence of the flame ( 
tallow candle, or common oil lamp ; for, though this fli 
be in contact, externally, with a current of air created 
itaelf, yet a large portion of the tallow and oil posses 
unconsumed, with a great loaa of the light and heat it 
they are capable of producing." 

It ia here to be remarked, that notwithstanding 
attention given to the aubject by these chemical authorit 
they have, neverthclcsa, omitted noticing the presence 
the water produced by the combustion of the gaa, and v 
will, hereafter, be ahown to be one of the moat import 
products escaping irom the furnace. This will be tret 
in a separate chapter. 

All theae authorities agree in the main facta : J?rrt, I 
the dark paj-t in the centre of the flame is a body of unc 
sumed gaa readff for combustion, and only waiting 
preparatory step — the •mixinij — the getting into contact W 
the oxygen of the air : secondly, that that portion of the 
in which the due mixing liaa been effected, forma but a t 
film on the outside of such unconauraed gaa : thirdly, that 
products of combustion form the tranaparent envelo 
which may be perceived on cloae inapection ; Jburthlg, t 
the collection of gas in the interior of the flame cannot bi 
, there for want of oxygen, 

]N"ow these points involve the whole of the case of 

J^iKWce ,— they reveal the difference between perfect i 

^^^lerfect combustion. The bodies oi gaaa»4»ir\«i'«eiii 
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true, free aceem to each other : yet, t\mB it watttinj for their 
due mixture. Thus, difiiiHioii and combuBbiou only pro- 
ceed, pari passu, aa the couBtituent atoms of the gas, " taking 
their turn," are enabled to get into contact with theit 
respective equivalent atoms of atmospheric oxygen. 

I have not hitherto quoted Sir Humphry Davy on thi 
head, for hia whole " Eeaeai-ches on Elame " go ii 
boration of the facta here stated, and the inferences drawS 
by ao mauy competent anthoritiea.* 

If, then, the unrestricted access of air to this small flame 

is not able, by the laws of difiusion, to form a due mixture 

1 m time for ignition, ii fortiori, it cannot do ao when the 

supply of air is restricted and that of tjie gas increased. 

Dr. Eeid, speaking of the Argand lamp, Fig. 12, observes, 1 
that the intensity of tbe heat is augmented by causing the. J 
air to enter in the middle of a circular wick, op si 




• "In looking Bteadfastly at fiame," he ofaaerreB, "the part wlwie *» 
«oiabiiBtibIe IB volatilised ia seen, and it app«jirB daAm, ocmWaatiA. ■«iSb. 
the/iaTt ia trbiab it ieyi'iu to bum, that is, ■w'heie it'll «0 miieil itntli. om- 
Mf IB becBiae expltmye. " 



gat-jets, ho that more gaa is coQSumed mik^ a given tpaee 
than in the ordinary miuuier. 

But why is more gas consumed mthin this giom space? 
Solely because more capability for mixture is afforded, and 
A greater number of accessible pointi of contact obtained, 
ariaiug out of this series of jets. This may be aeeii in Fig. 
13, where the inner surfaces, a a, are shown in ndditioii t 
the outer ones b h. 

" If the aperture," he observes, " by which oir is 
into the iuterior of the flame be closed, the flame immediately H 
aaaunies tha form shown in Fig. 1-1 ; part of the supply of 
air being thus cut ofl', it eitenda farther into the air before 
it meets with the osygen uecesaary for its combustio 

Mere we trace the length of the flame to the dimiuighed 
rate of miiing and combustion, occasioned by the want of J 
adequate access, within any given time, between the gaa a 
the air, until too late — -until the ascending current 1 
carried them beyond the temperature recjuired for chemifl 
action ; the carbonaceous constituent then losing its gasM 
character, assuming its former colour and state of a 6 
pulverulent body, and becoming true amoke. 

In looking for a reniedy for the evils arising out of I 
hurried state of things which the interior of a fur 
naturally presents, and observing the means by whic6 I 
gas is efi'ectually consumed in the Argand knip, it b 
manifest, that, if the gaa in the furnace could be preser 
by means ai jets, to on adequate quantity of air, as it isv 
the lamp, the result would be the same. The difficulty J 
effecting a similor distribution of the gas in the furnace, j 
means of jets, however, seemed insurmountable : one s 

native alone remained, namely, that, since the g 

be introduced by jets into the body of air, the air might baM 
introduced hg jets into the hoJy of gas. 

This, then, is the means which I adopt, and by which 1 
eSect a complete combustion o£ the gaaea m tVa i\inMw«, ■ 
«re do I'a the lamp. Profeaaor Brande \iaa so iiea.T\5 ia- 



ambed the operation of the jet that I avail uiyaelf of 
remarks in elEcidation of the result produced by a jet of _ 
into a body of gas, and t)ic naa,!ogy it bears to that of a jet^ 
of gas iato a body of air.* 

This process meets the entire difficulties of the cose as 
time, current, temperature, and quantity. By tbia 
the process of diffusion is hoBteoed without the injuiionjk 
efiect of cooling : and which always takes place when the aip 
is introduced by large orificea, 

The difference, then, betiveen the application of air by 
means of the jet, and that of the ordinary action of th*- 
atmosphere, consists in the increased surface it presents fag', 
mutual contact iu any given unit of time. Let Kg. ^; 
repreeent the section of a candle and Pig. 16 that of a 
diffusion jet. In the former, the gas in the centre —--•-■ 
tiie air on the exterior. In the latter, the air in tiae can&i^, 

* "Bocli jet of tir wUdi yoa sdroit haomea, aa it were, die h 
HBtie of a separate flame, and the eSect ia eiLOCtly tliat of so mmnj jeta tS- 
iniltinmable or coal-gaa ignited in the air ; only, iu yonr fi 
iimrt Ibis ordinajy Etate of Uiiugs, and nso a, jet uf air thrown into Ml 
■busphere of infiammalilc gas, ibna making bo Gipt^riment Qpao a luja 
vA praotical, wbieli I hare often made on a smalt and theoretical acale, t 
BltttialiDn of the inaccuracy of the cammon terms of ' conAaslibh' Oj 
'ntpporier o/comiiu'ioii,' as ordiiiarUy applied. 

"I fill 3, bhidder with coal-gas, and attach to It a jot, by which I bun 
iflune of that gas in an atmosphere of, or a beH-gUss filled with, oi^gm 
•{KHirEe the gas bums bnlllnntly, and we caU the gas the comlinBtilile, u^ 
tlie oxygen the supporter of comhuation. If I now invert 
nder of things, and fill tlie bladder with oiygea and the bell-glaat 
vfth coal-goa, I find, that the jat of exygea may bo inflamed ': 
»lBia«piiere of coal-gm with esactly the same general phenomena u 
tht jet of coqI-^iM ia inflamed in the atmosphere of azs'?<'>. Thisispra- 
Melj yonr prooesa. You admit a number of jata of air in 
bBanunable atmosphere, and ao utt^ its comhuation in such 
joodnee a great increase of heat, and, as a Deceasaiy cunaeqnenoB, destn)]' 
Hie amoks. Yoa, in fact, convert what is commonly called smoke inli 
Am], at the time ichm sad place w^ere t^ cnmtraAiot cst^a ^ 
ight tboat."— Professor Brandis Letter lo (Ut A-Ohar, | 
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iaeuing into tiie atmosphere of gas, enlarges its own ■ 
for contact iiiecbamcnlly, and consequently, ita in< 
measiiie of combustion. 






Thna we see, that the value of tbe jet ariaea from the 
cirenmatauee of ita creating, for iUelf, a larger aurface for 
contact, by which a greater number of elementary atoms of 
the combustibla and the supporter gain access to each other 
in any given time. 

Turn the matter, tbec, as we may, the question of perfect 
or imperfect combuation, as far as human means are to ba 
applied, ia one regarding the ttir, rather than the combustible 
— the mode in which it may be introduced, rather than the 
ffua^fi^ies supplied — the contact ot atoms TaWuet t\am. of 
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''' Before concluding this notice on tiie wwife of effecting th»' 
eombustion of the inflammable gases, it will be right to say 
K few words on some of those recommended hj otliere 
loamelf, such as are founded on the erroDeous idea, wliicl: 
appearB to hare laid hold of the minds of so many inventora 
io£ late yeara, that the gaaes are eonsumahle hy being brought 
into contact with a body of "jjloioinif incandescent Jvel," 
iThia will be inquired into more in detail when we come to 
^zamine the Tarious plana of "smoke-burning" furnacea 
id boiiera. 

This erroneous notion of the supposed combustion of the 
(or smoke), by bringing them into contact with 
of "glowing coals," appears to have originated with 
; and, having been adopted by Tredgold and otberB, 
Lce passed into a recognised principle. It appears 
that, while so many have taken this as tbeir text, 
ited it as their starting-point, none of these inventors 
led, or even doubted, its correctness. Tet any 
work of authority would have informed them of 
ireU-establiabed fact, that decomposition, not combustion, 
il the result of a high temperature applied to the bydro- 
Mrbon gases — that no possible degree of heat can consume 
Mrbon — and that its combustion is merely produced by, and 
ii, in fact, its union with, oiygen, which latter, however, 
lliey take little care to provide. 

It is the palpable oversight of this distinction that has led 
to that manifest chemical blunder — the supposing that the 
a furnace is to be bunted by the act of bringing 
rt into eontaet with bodies at a high temperature ; or, in the 
Rorda of the patentees, by " causing it to pass throitgh, over. 
Be among a body of hot, glowing cools." Indeed, these 
words of Watt, " through, over, or among," have led more 
Den astray, and have occaaioned more waste of money, loaa 
of Kme, and misapplication of talent than almost any other 
Edae light of tie day. ^ 

Jia^ I have said, this erroneous Tie w ot t\i© ccraiS 
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at the gases began with Watt. His patent of 17854 
joctiSfB this assertion.* In hts specification, afber in 
the injunction, that "the smoke or flame is to pass o 
iTOUgh the coked or cliarred part of the fnel," he bui 
. these words : " Lastlj-, my invmtion conaists i 
I Biethod of e^ngitmitiff the gmoke and inereatinff the h 
I Mining the naoke and flame of frtMk fuel to pa«g i 
\ mtry hot fiinneU or pipes, or among, through, or t 
I vStcA M intensely hot, and tahich luta ceased to smoie i ' 
\ then follows that part of liia instructions which hia m 
)uTe so strangely neglected, "and by mixing it vAijA 
«i>, when in these circamstances." 

It is Aeax, Watt had a right conception of the net 
, fcr miiiag air with the gas. His error lay in 
which he considered the application of lieat essential ■ 
oombustion. Hia followers and commentators have negl 
that part of his instructions in which he was right — tbt 
"miiing with fresh air;" and have fised their minds onthtf 
LjD which he was wrong — the bringing the gas or amok* 

I ■ Wntts patent, of 173S (aeo Sepei-torj of Aita, vol, ii-., \>. 22S), mJ 

I cauamy the etauke or S&me of the frcsli fust to pn)«, tnj^Hthac w^ 
t of fceiL air, tlirough, over, or among fDel wlich baa seaaA ■ 

II wliioh a couTGrtsd Into coke, diarcoal, or cindei's, nniT vliMl I 
ensoly hot, bj whieh the flmoka or grosser parta of tha iaioe, bj cai»4 

[intact v'VCa, or by being bronght aeor unto, tbc anld inteaM)) 

It fiid, and bj bring mixed vith tlie CDirent of Crwh or uubuint lil, v| 

|uiun«d or converted iato heat, or into (mre flume, free from Btoob*. J 

Lpitthiilu praetice by ouuslractuig the fire-place in such a iimnner tbattfel 

|. lame and the air which aninmtea the fire laiiat pasa dainiwanla, o 

f tterally, or horizontally throitffk fht Imniiag furl. In some cases, hW 

T the Same has passed tbroagh the bnnuog fnel, I caoae it to pnaa tbro^ 

• vary hot flmnel, flue, or oven, before it comes W) the bottom of thebiBlil 

by which means the smoke ia stUl more e^ectiuUlj) amrmned." Negleslia 

ihe Bound, and adopting Che unsound part of Watt's spedSeation, seven 

psteuta have, of late years, been tn^en out in tint very words uf the ahovi 

le of these, by msans of double fuiiiaees, one Dbnre the other, the gt 

eoemted in the npper one ia nctnally forced or drawn down by artificii 

■Btf tbroagh the ignited fuel in llie biwet wk. 
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}Uff&, oeer, or among icteneely hot fuel." So m 
indeed, was Watt impreaeed with the importance of intenaft 
heat, that he actuiilly provides both for the "fresh air" and 
the ffoa pasBing through the hot fuel on the bora ; overlooking 
the facts, that, in that event, the air would no longer rei 
pure; and that uo heat to which he could introduce the air 
or smoke could eqaal that created in the furnace by tb« 
TCTy act of union between the air and the gns ; but which 
ke erroncouBly imagines can be aided by the heat of the 
" charred part of the fuel." 

Thus, we Bee the very words of Watt, where he was in 
error, have been adopted to express the main, and, in many 
instances, the only feature of these smolte-buming patents] 
while the judicious part of his iuatructioas has been unac. 
eountably omitted. 

I need only aay, chemistry Iiaa since taught that the 
whole process is injurious ; and that, if the introduction of 
tiie air be properly managed, the necessary )ieal for effecting 
Ooubustion will never be wanting in the furnace. 

The mere enunciation, then, of a plan for "consitming 
tmoke" is prima Jade evidence that the inventor has not 
efficiently considered the subject in its chemical relatitmt. 
Ghemiata can understand a plan for t)\ii prevention of smoke, 
bnt as to its comlvation, it is so unseieutiCc, not to say 
impofisible, that such phraseology should bo avoided. The 
popular and conventional phrase, " a furnace burning its 
own smoke," may be allowed as conveying an intelligible 
meaning; but, in a scientific work, or from one professing 
to teach those who cannot distinguish for themselves, and 
who may thus be led int« error, it is whoDy objectionable. 
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SECOND PART. 



CHAPTER I. 



L-.H^TUfO, in the preceding part of this Treatise, eiai 
I subject in refereace to its chemical relations, we 
Yow, in this second part, to consider its application pt 
Ueally, in the construction of steam-boilers and their 
furnaces. 

It will not be disputed, that before ve are in a position 
to decide on the necessary proportions of any vessel, we 
■ Hhould first understand the purposes to whioh it is destined. 
Hitherto, although the combustion of bituminous coal is 
admitted to be of the most complei cliaracter, nevertheless, 
in apportioning the several parts of furnaces in which those 
operations are to be conducted, the slide-rule has too often 
been allowed to supersede ihe rule of chemieal equivalenU. 

TJtitil 1841, tliere was no published work in which the 
combustion of coal, on the scale of the furnace, was treated 
with reference to its division into the gaseous and solid 
states, and the requirements peculiar to each. The only 
consideration appeared to be, tlie giviug the coal "a free 
tvfply of atmospheric air." Watt, and others since his 
time, have acknowledged the practical difficulty of so intro- 
ducing the air as to effect perfect combustion ; still, no 
consideration baa been given to tlie neceas\\:.'3 of -^TOTiding 
separate gappUes to the conatituenta ot tVe cos^,■v■n.^i^^Ba 
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■eparate states. In laboratory practice (by which we muifjfl 
submit to be instructed) nothing would be considered morofl 
anomalous, or even absurd, than dealing with any bodies iaiW 
nature without giving attention to the nature of their 
conetituent parts respectively; nevertheless, we affect to 
CBononiiae fuel, and produce its perfect corabustion, jct give 
attention, exclusively, to the several parts of the boUer in 
their mere meahanical proportions. Mechanical details, how- ij 
ever, must yield to those of chemistry. ■ 

"Wbile tho enlightened mind of Watt was directed to thQil 
employment of Steam as a mechanical agent, in the develop>fl 
ment of power, we see him also studying the phenomena of.l 
nature in tho generation and application of heat, concuiw ^ 
rently with those mechanical arrangements, by which it waa 
to be made practically available. Instead of limiting his 
views to mere proportions, he regarded them only as they 
were — Bubservient to seientilic conai derations. He went 
elaborately into all that belonged to the character and 
constitueuts of solid, fluid, and gaseous matter, as far as the 
very limited chemical knowledge of the time admitted; and 
it was in the course of these scientific researches that he 
became the true discoverer of the constituents of water. 
He examined the laws which governed its temperature and 
volume; its expansive force as steam; and the measure of 
that heat which was again to be aurrendered undur the 
process of condensation. In everything we find his compra- , 
hensive mind keeping scientific inquiries, and mechanicals 
appliances in view. Here, then, we liave a sound an^] 
practical course suggested, and under which nione we in&J^| 
hope to bring our labours to a successful issue. ^| 

The inquiry before us cannot be confined to a mere coni^| 
parison of the several descriptions of boilers, m ech oni calljtifl 
considered. The merits on which, respectively, tJiey rest 
their claims, must be examined with refereBce ta lAWt 
Ldsta, viz., their relation to the perfect comb'O.^JiA.cjn. *A "i^^ 
^^ employed — tie g'enerating tlie largest meaawve ol'^fl 
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— and so applying it sa to produce the largest volume of 
Bteam. Apart from tbese considerations, indeed, tliCTe ia 
little Bcope for inquiry. All bo'lere have their fumacea 
and gnite-bara, on which the fuel ia placed ; their flueB, or 
tubes through which the fiamo or gaseouB products have ta 
psBs ; and the chimney by which those products are to be 
carried away, and the necessary draught obtained. 

Hitherto, those who have made boiler-making a separate 
branch of manufacture, have given too much attention to 
mere relative proportions. One class place reliance on 
enlarged grate aurface ; another, on large absorbing but- 
feces; while a third demand, as the grand panacea, " boiler 
room enough" without, however, eiplaiidng what that 
means. Among modem treatises on Boilers, this principle 
of room enough seems to have absorbed all other con- 
siderations, and the requisites, in general ternia, are thus 
summed up : 

lat. Sufficient amount of internal heating surface ; 

^2nd. Sufficiently roomy furnace ; 
8rd. SnfBcient air-space between the bars ; 
'4fch. Sufficient area in the tubes or flues ; and 
6th. Sufficiently large fire-bar surface. 
In simpler terms, these amount to the truism — give 
sufficient size to all the parts, and thus avoid being deficient 
in any. 

So gravely is this question of relative proportions insisted 
on, that we find many treatises on the use of Coal, and the 
construction of Boilers, laying down rules with matlie- 
matical precision, giving precise formula for their catea- 
lations ; and even affecting to determine the working poirer 
of a steam-engine, by a mere reference to the size of the 
fire-grate, and the internal areas aad aurfaoea of the boilw. 
Tet, during this apparent search after certainty, omittiog 
idi inquiry respecting t)ie processes or operations to be 
carried on withia thorn. 
■Among those in whieli tl\e sulaject \ifl.* \jfteu VwiAsA. Sii 
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he most detailed manner, it will be enfiicient to refer to 
be work of Dr. Lardner, whoae illustrations as n i>opiilap 
niter hare peculiar merit, and whose statements tnaT' bv 
Mfusidered as a Bnmmoiy of the practice which genenllj; 
nevails. In his work on "The Steam-Engine," whilff 
jommentiiig on "tlie want of general principle»," he fallSf 
)nBcioDBlj', into neglect of the very principles on vhich. 
idone the inquir^f should be bnsed. Calling them prineipteg^ 
he lays down a series of rules, or data, which refer, exclif 
eiyely, to mechanical proportions; hut which furnish ntf 
guide to the involved operations to bo effected by their 
neiins. Hisrtdes for the construction of Boilers are thu» 
Sogmstically laid down. 

IPer every culm foot of tvater to be evaporated per hoUTf 
■Dow — one square-foot of grate-bar; one sqnare-yard ai 
heating surface ; ten cubic feet of water-apsee ; five square- 
feet of water-surface ; ten cubic feet of steam-space. 

Here we have all the proportions laid down and squared, 
according to rule, as if it were the proportions of a buildinjf 
that were under consideration, rather than of vessels, 
vhich complicated chemical processes were to be conducted, 
Tbeee rules, however, will not teach us how beat to effect 
tiie combustion of any given weight of fuel, or increase 
tbe generation, transmission, or absorption, of any given 
qaantity of heat. "We have here laid down a scale of 
internal proportions, but no clue to that of the heat 
generative effect of a aquare-foot of grate-bar, or the 
transmitting power of a square-yard on internal Burface. 
It may, indeed, be asked, what relation a square-foot 
pate-bar can have to a cubic-foot of water ; or to any givi 
woght of fuel ? We know that under different circum- 
stances, treble, or quadruple the amount of these propor- 
tions may be beneflcially, or injuriously, found in practice ; 
and that even double the weight of fuel may be more 
■dvantn^ouaJ/ consamed, on a gi^jen area ot ^idRAsMft^Mi 
oBeoioBs ofbollera than could be effectei m Kan'CtiKK. 
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lo trutL, the weight of fuel to be consumecl hsB 
legitimate relation to the apace on which it may be laid, ■ 
depeada on other coneide rations, viz., on the quantity of 
paBaing through it, the time employed, and the weigh! 
oxygen taken up by the eererol constituents of the I 
rcBpectively. 

Again, it may be asked, what relation a Bquare-ya» 
heating surface has to tl:o tranamiBaion of any g 
(juantity of heat, or the generation of any given quantity 
steam P 

It is Btrange that ao astute an observer (for Dr. ] 
does not affect to be an authority), aJiould have omitted 
reference to those processes and tests, by which t^on 
correct estimate could be made of the effective y» 
chemically or commercially, of any one of the proport 
he haa given; or the relation tliey bear to the function 
the furnaces or flues of a boiler. He has given no clu< 
the temperature produced in any part ; yet tempera 
the very element and measure of eflieiency. His caloi 
tions, in fact, have no value except on the aasumed, 
utterly erroneous data, tliat each square-foot of bar-aurl 
was equivalent to the perfect corabuation of a given wel 
of fuel, and the generation of a given quantity of heat j 
given time; and tJiat every aquare-yard of internal Buri 
must, necessarily, he brought into action, and received 
equivalent to the tranamiBaion of a given quantity of b 
He has also omitted reference to the influence which integ 
areaa have on the circulation of the water, and the relai 

»j|nlumes of air to be supplied, or of gas generated, c 
jUmed, or wasted. Now, the magnitudes and quanti 
which here really require to be calculated are chemical, 
mathematical. They are not those of flue-surfaces, or grate- 
bars, but of the bodies to be introduced to them, the 
quantities in which they respectively combine, and the 
ieat evolved, applied, or lost. If tJieao quantit.iea can be 
expressed in the terms of an equatloa, 'Vet i.t \)e ^scq. "i^ 
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4uty; the object being, in botli easea, to obtain the greatest 
qnantity of gas from n given weight of coal, in a i/inen time. 

With reference to the proportions of the several porta of 
a furnace, we have two points requ-iriiig attention ; iirst, thi 
mt^erfieial area of the grate, for tlie retaining the solid'fuelc« j 
Coke ; and, second, the gectional area ef the chamber abort \ 
Stefuel, for receiving the gaseous portion of the coal. 

As to the area of tke fjrate-bars, seeing that it ia a solid 
4y that ia to be laid on them, requiring no more space 
an it actually covers at a given depth, it ia alone important 
at it be noi too large. On the other iiand, as to the area 
^tke ehamher above the coal, seeing that it is to be occu- 
ped by a r/aseojis body, requiring room for ita rapidly 
^du^ging Tolume, it is important timt it be not too stnaH, 
^rtb reference to the areas of the other parts of the boiler, 
ft is ioaii>*^eatly imposaible, li priori, or with any pretensions 
"la correctness, to lay down specific mles, since the weight of 
Jhel that may be placed, or consumed, on any sijuare foot of 
ttacb. surface, must depend on numeroua other contingencies. 
Toideed, to lay down any inflexible rule of proportioua would 
lie as innppropriate aa to impoae on the chemist certain 
nathematical formulfo for the shapes or capacities of the 
Tesaeb employed in the laboratory. So soon aa all that 
%(ioBgs to the ijitroduetion of air to the fmo distinct bodies to 
ie cotifumed (the gaa and the coke,) shall have become 
vratematised in practice, the supposed difficulties in the 
App<ntioning of sizes and areas will vanish, nnd the effecting 
perfect combustion in the fwrnace will become as much a 
nmtter of course aa it now is in our gas burners. So long, 
however, as beginning at the wrong end of the question, 
attempt determining tlie proportions of the several parts of 
the vessels to be employed, bejbre vie hone cotitidsred ivhat f 
H to be done within them, we must continue in our present J 
State of uncertainty. 

As to the beat proportion for the grate, th^a V'^ "^le. "fioa 
mieat of adjustment, aa a Jittle observation, Vj\W BQo-o- easiJia 
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the engineer to determine the eitent to whicii | 
inereeue, or iiminUh, the length of the furnace. ] 
respect, the great deBideratum consists in confiniB 
length within sucti limits that it ahalJ, at all timet, < 
and wniformhf covered. I'hie i« the absolute conditi 
tine qm non of econoini/ and effidenci) ; vet it la 1^ 
condition which, in practice, is the inuHt neglected. ] 
tlie failure and uncertainty which has attended 
anxiously conducted experiments has most frequently 
from the neglect of this one condition. 

If the grate-bars he not equally and well covered, 
will enter in irregular and rapid streaniB or masaea, ' 
the uncovered parts, and at tlie very time when it th 
thert most reetrieted. Such a Btafce of things at on 
defiance to all regulation or control, ^ow, on the 
of the Biipplg of o,ir ilepentlt all that human thill, ca 
Meeting perfect comhuslion and economy ; and, u 
supply of fuel and the quantity on the bars be regull 
L vill be impoBsible to control the admission of the air.' 
On this head, it is of every day occurrence that con^ 
ire made of the introduction of the air being attends 
decreased evaporation, or increased consumption o 
The complainants, however, should underatand that tl 
themselves the direct cause of these effects, and bj 
inattentimt to the state of the furnaces. They overlfli 
fact, that while they are complaining of the effects pn 
by the introduction of certain limited quantities of air 
right place, they allow their firemen to leave much 
furnace-grate uncovered ; thus affording the sborte 
hottest possible route for the introduction, perlu 
double the volume that could possibly be required. 
Of the great waste of heat and the consequent redt 

* This neMBBni-ily anggeBts tbe importance of foetliu] 
laeckaniail mtaju. Here, tLon, ia a legitimate liireotion 
of pateoteet. The principIeB on wliich a luecbanical i 
haaed will be Iieresfler conndered. 
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ture in the fluea, arising from the single circum- 
Lowing the incandescent fuel, towards the end of 
I, to run too hw, or be irregularly distributed, the 
of Mr. Houldswortb, as shewn in the annexed 
highly instructive, ajid merits the moat attentive 
ioD. This experiment was made expressly for the 
BBOciation assembled at Manchester, in 1842. 

1) 

, diagram, it will bo seen that on a charge of 3 cwt. 
Dg thrown on the furnace, the temperature in tho 
(dicated by the pyrometer) rose, in 25 minutes, 
to 1220°, when it began to tali, and descended to 
Jiiel not having heen disturhed during 75 minutes. 
tage, however, a remarkable change took place. 
; the temperature in the flue to have become bo 
lonldsworth had " tlie fitel levelled," that is, had 
jually distributed, and the vacant tpaceg covered. 
was (as shewn in the diagram) the sudden rise in 
Mture from lOiO" to 1150°, at which it continued 
I minutes, when it gradually fell to S50°. 
per line of the diagram represents range of tem- 

r being admitted. 

ir line of the same represents range of tempera- 

ng included, common plan. 
iportaDt questions are here raised, viz.. Why 
Brnperatnre in the flue fall, after 25 minutes, 
to 104(y ? and why did it suddenly rise to 
lathing whatever having heen done, with the excep- 
one movement, the having " the fuel levelled" 
however, is the key to the whole, — an 
temperature of no less than 110' being thus 

the abort space of 2^ minutes, not by any addi- 

l, or mere rapid combustion, but merely as the 
juriiig '^ the fuel levelled." The causes of these 

tMeatiaDs of temperature then 'Nere, tiwt, tUe I 

'aa ateees of air in irregvXa.T ond uwamtToUfiWi 
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quantities through the uncovered portion of the bars ; 
second, the mere check put to that eril by their being 
equally covered with the fuel.* 



* Ab the use of the pyrometer is of the highest importance, not men^ 
or experimental purposes, but for all boilen^ and for genex»l um^ wkm^ 
ever it can be introduced, the simple but valualile instnunent wiaA ■ 
used by Mr. Houldsworth, and by which he obtained the above resnlbBy k 
here given from an interesting paper on '*The Consumption of Fad n2 
the Prevention of Smoke," read before the British Association bj WiUwi 
Fairbum, Esq., C.E., F.R.S. 

** For these experiments we aj:e indebted to Mr. Henry Houldsworti^ d 
Manchester ; and, having been present at several of the ezporiment^ I an 
vouch for the accuracy with which they were conducted, and fat the YVJ 
satisfactory and important results deduced therefrom. 

''In giving an account of lilr. HouldswortVs experiments, it will In 
necessary to describe the instrument by which they were made, and alM 
to show the methods adopted for indicating the temperature, and tti 
changes which take place in the surrounding flues. 



PntOMETEB. 
Fig. 18. 
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'^Tbe apparatuB consists of a ample pytomesV^T, m^ ^ wmsB^ Xwt *^ 
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It is here to be obseired that when a chai^ge is ueorly 
itexfaotiated, or begins to hum in Icolet, the evil iuereasea 
dtself by the accelerated rapidity with which the air enlargea 

kta iiuu (a in the precious abebJi) £xed at tLe e^rtreme end of tlte 
■ad prajec^g tlunggh tbe brick-vork in front, where it is jtrinted U 
Itta tKBL of an index IsYer h, to irLich it gives motion vben it Bxpaiid* Bt 
IS by tbe heat of the flue. 
"HiB insttament being thus prepared, sad tlie bar snpported bj iron 
a into lite aide wdls of tbe tine, tbe lever (wbicb ia kept ti^A 
e bat at the pnint t bj means of a small weight over the pnlley at 
mues. The long atta of the lerer a( d giiea 
IS iliding rod and pancil /, and l>; tbua prosong on the peri* 
Bk dowly rerolTinK cylinder, a line is iiucribed conespoitding viUl 
\x of tbe king ana of the lever, and indicating the variaUa 
re b; tbe eEpaadon imd conbaction of tba bar. CpoB 
is fixed 1. lilieet of paper, on which a iluil}' r««>rd of tbe tem< 
u ioscribod and oa which luv ciMbited the clmngG at well 
Itlty of beat in the Ituexat erety moment of time. In nsingthis 
it it has been ueual to fix it at the medinni temperatnre of 1000', 
B will be obsemd, ia an assimied degree of the inUusit; of hea^ 
raiUjr near approximation to the actual tempemtiire for tlw 
'oavUima luMch lalt place in all the di^foU 
N wiuejueM uf-ciii tkt acta of charging, eliirioff, cmd 

[ dpoimeuts mode b; Uie aid of the pjromster, and eon- 



I OBiefol examination of the diagrams, it will be fonnd that the 
d withont ao j admixkue of aii except that taken through the 
; llu other was iusoribed with an opening for tbe admisBion of 
a diffnsiBg plate behind tlie biidge, aa recommended bj Mr. C. 
■'W. Williams. Tim latter, No. II., pteeenta Terj different Egnres ; the 
muimnm and minimmn points of temperatnre being mnch wider apart in 
llie one than tbe other, as also the fiuetuaUooB wMch indicate a lanah 
liigher temperature, reaching as bigh as 1400°, and seldom dcacsnding 
lover tiun 1000% giving the meau of 1100°. 

"Now, on comparing No. XL with So, I., wbero no air is admitted, it 
niU be fijiuul that tbe whole ot tbe tracings exhibit e. ^':»;<iii(!i'DLf, \«m^«a.- 
itar^aeldoia riasg above UOVaaA often deBceading \^Dw ' 
ttwM^aSTS'. TJiia depreaeioB indicates a defective elate m ^Sl«. ■?ec 
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the orifices it haa tliua made for its own admiaaion, cat 
a Htili more rapid combustion of the fuel around the 
vered ports, and at the very time when these orifices el 
have heeu closed. 

Had it heeii poaaible, in Mr. Houldaworth'a experii 
to have preserved the Fuel eontinuouBl}', aud u 
fpread, throughout the charge of 100 minutes, the 
would have indicated a more uniform line of tem] 
as marked by the dotted line, and, consequentiy, hare' 

tduced a higher average range of heat in the flue. 
Ml Peclet,* in his ehborate work, appears to have ^ 
tad allhougli Hgrentfi' qtinatity of coal vna coDsuuied (2000 Iba. 1 
fOmii^ in the Ho. n. experiment, and IS401bB. in IDS i 
fh. I.,) jet tliD cliBpnrity ia too great when the differenca of t 
tnre anil Iohs of heat an taken ioto cDnaidenition 
of tlie imperfections of Si, I. diagram, it ia oulj Deeesiuy b 
pare the qnantitiea of water eraporal^d in each, in order to i 
the (liiferenee, whore in No. I. experiiuent 5 '05 lbs. of w 
rated to the ponnd of coal, and lu Ko. II. one-h»lf more, or 7'7n 
the result. 

"Mr. Honldsvorth estimates the adrantogea gained hy the ufimiaBiond 
air (when proper! j regniatoll at 35 per cent. , and when passed tbrongfa • 
fised aperture of 43 sqoare ioebes, at 31 peF cent. This is i 
mation to the menu of fire experiments, wliieh, acoording to 
tabic, givBH 33 j per cent., which protmhlj approsches as near the maiim 
as can be expected imdec all the changes aud ricisBitudes whloh take pi 
in general praclioe." 

Here are piactieal results from nnexoeptionahle quarters, und albholtgk 
thejr hare been bo many jean before the public, nevertheless, smoke bull- 
ing observations aad hot air lallaciea continue to be listened to, and deadf 

* " To produce a good and uueful effect, fumacoB ahould, at all ttme^ 
bum the same qaantitj of fnel, sincethe Tariationa in the conanrnption, caused 
bf the use of dampers, which cannot bemade to follow the variations in 
ttiieJcnen of Ihe bed of fuel, always oanae the passage of a largo vol 
of air that would be nnneoeaaar)' for combustion." 
Again he ohserren, — "I am coovinoed, that in a great number of st 
boUers, mora tlvta a third of the heat ia lost, -pniwi^aa-s 'Xij BbsWe 
ftao o/too great an exeeea of air. It ia eviient, *l«.t It 
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1 atteutioQ to the neceesity of having tho fuel oa the 
bars at all times, in the most uniform state, and thul 
Kvoiding any irregular or esceasive local admisBion of air. 

With reference to the rate of combustion, and the weight^ 
of fnel to be laid on each square foot of bar-surface, thia 
OtmtinDes to be a debated point. Mr. Craddock, in a latft 
poblicatioQ (On the Ohemntry ofilie Sleam Eitgine, Pract^ 
■.calfy Considered), obBen-es : — " There irould be no g 
difterence in the steam-generating efficiency of a large 
gmte-aurfoce and a alow draught, or a small grate-surfaooi 
I and a very quick draught, aa in our present locomotives." 

Jfo correct inference, boweTer, can be drawn from tlilw 
atatement, aa he has omitted to explain nhat is meant bj-. 
the term "efficiency." Whether it has reference to theyua 
employed, or the time employed : — to the weigld of toater'. 
evaporated by a given weight of fuel, or the time occupied in 
producing thai efiect. Slote combuttion will be most' 
economical as regards the fuel employed, aa in the Comiah 
boilers ; while gaich combastion wiU be moat so aa regard** 
tiie Hms employed, as in the locomotive and marine be 
Aa the weight of the water evaporated is in the one caaaF 
OT«r-rated, so the time employed is under-rated in the other. 
The mean between the two false estimates will then be the/ 
tme exponent of the relative commercial value of the tivd 
op«'ationa. 

The view of tho subject, as stated by Mr. Craddock, 
MFtainly not supported in practice. By spreading fuel over* 
"a very large surface," the facilities are increased for tho 
idmiseion of a local and wasteful excess of aic in numerous 

I 9lij be aUribnbed tke aingnlar fact Dbs^eTved b; mmif EngineerB, — that iM 
Mttain descripbniB of boilers, tiie sSeiA pradaced bjthe sarfacci wMch ai 
iMtad Yijeimtact iritb tbe burnt air, (us id the tnbeB)iB bnt one-tMrd psi 
■f UiBt protlaeed by thoise «nr(aoES wfaicli are healed bj radialim, aa in ti 

Emace." — T.-aiU dt la, Clmlfttr, contidtTSc da-vt aa Appliem 
.Piekl, I'ngpedeur General de l UnivtrtUi, aypUqufs « 
Cai/rait, itc., Paiii). 
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small, but aggregately large, quantities, the injurious effeet 
of which in the flues cannot be too strongly enforced, as was 
so clearly demonstrated in the pyrometer experiment of 
Mr. Houlds worth. 

It is true, by these mechanical contrivances, by which the' 
fuel is thinly and continuously spread over a large surface, 
there would be less tendency to the formation of dense 
smoke, because the quantity of air introduced over that 
extended surface, being so much greater than is chemically 
required, ihe volume of flame is considerably reduced, and, 
consequently, the volume of smoke.* We must not, how- 
ever, deceive ourselves in this matter. The avoidance of 
dense smoke by these means must be attended with the 
production of less available flame and heat, relatively with 
the area on which the fuel is spread, from the extended and 
attenuated temperature in the furnace chamber. 

Many trustworthy manufacturers, having tried the system 
of revolving grates, moving bars, and self-acting feeders, and 
having found them unaccompanied with the nuisance of 
smoke, are hence led to infer that they have produced perfect 
combustion of the fuel, and economy in its application. Thifl 
error will be commented on in the succeeding chapters. 
Without derogating from the merit due to such inventions, 
mechanically and practically considered, it will, however, be 
found that these, and such appliances, are but expedients 
for avoiding the consequences of the first error, namely, the 
neglect of supplying the gaseous products of the coal tmth its 



* A familiar illustration of tliis may be seen in the flame of a candle. If 
we walk gentlj, carrying a candle, the current of air induced by ouf 
motion cools the flame. The upper part then becomes red, and is con- 
verted into a stream of smoke. I^ however, we walk briskly along, 
that elongated lurid flame becomes suddenly short, clear, and without 
smoke. This change arises from the great access of air to which the 
flame was then exposed. This is precisely the effect produced by in- 
isroducing an excess of air through an exiended^ WXi >;Aq^ '\^^-^ ^1 tosl 
oji tbs bars, > 



AKD THE PEI:TE>TI0^ OF BUOK£. 

jproper quantity of air in fhe right wni/. In a word, hav 
first mode a serious blunder, we endeavour to escape 
coneequencea by ingenious and even costly contrivanc 
sad actually bestow on them the merit of having righUy 
■worked out the ends and proceaaea of nature. Tet, wi& 
equal truth uiight we designate the nostrutna of quacks aw 
the true means of securing a healtliy state of body, wh: 
. ttey were but so many palliatives of the effect of previous 
labitual errors. 

Having spoken of tbe grate-har mrfaee, and what li 
I placed on it, we have next to consider the chamber part 
the iiirnace, and what is fonned therein. In marine a 
wrlindrical land boilera, this chamber is invariably made i 
ekcdloui and too restricted. 

The proportions allowed are indeed so limited as to giTO 
it rather the character of a large tuhe, whose only functii 
■honld be, the allowing the combustible gases to pe 
through it, rather than that of a cliainher, in which a seri 
of consecutive chemical processes were to be conducted 
Such furnaces, by their diminiaUed areaB, have also tl 
injurious tendency, — that they increase the already ti 
freat rapidity of the current through them. The defect 
innifBcieut capacity in the chamber of the furnace, above 
flie fuel, will be best appreciated when we consider that 
le gaaea are generated, — their constituents separated,— 
brought into contact with the osygen of the air, — anT 
their combustion effected. 

constructing the furnace chamber so shallow, an 
such inadequate capacity, appears to have arisen froi 
lea, that the nearer the body to be heated waa brougl 
16 source of heat, the greater would be the quantitj 
This is no doubt true when we present a body 
heated in front of a fire. "Wben, however, the approa 
of the colder body will have the direct effect of interfering^ 
with the processes of nature (as in gaaeoua C0TaWftt\oa\,\t 
tat maaifestif be injurious. AbtolviU coutoct Vvfe^wa 



ihould b« annded where the objeot is to obtain sU tie 
vhich oould be pcoduoed ij the oombuation of the cmtu 
a of the fuel.* 




* On tlii* point Dr. Cre obserres, " When a boilei^a set orer a fire, 
Inttom Bhoold not be wt too new the grate, lest it i«frigent« the fl» 
ud pnTrot tbftt vind oombmtion of the fuel so eMsntuI to the maiin 
pmdnetioB otheti hj Um mHUU. llh« eril in&uoM <A VtvAbiVaH 
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When, however, the object is merely ti> raise a body to a 
high temperature by local application, ae whemra heat b 
bar of iron in a forge, or a flame, and without refcronco to 
the quantity of heat produced anil wasted; in such caaea, 
direct contact becomes necessary. So much, however, hu 
the auppoBed value of near approach, and even impact, pre- 
vailed, that we Sod the space behind the bridge, frequentlj 
made but a few inches deep, and bearing the orthodox talk 
Fiof the^^avno bed, aa in Fig. 19. Sounder views, howereT; 
e fihown that it should have been made capacious, soC 
e impaet of the flame avoided. This will be enlarged oi 

So little attention has beeu given to this part of th( 

ibject, that we find the practice adopted in locomotiei 

directly at variance with that in ntaritie and lani 

tiers. In marine furnaces, using bituminous coal, ant 
irWe, for chemical reasous, large capacity in the chamber ii 
su absolute essential, it is, nevertheless, made ahalloui 
MffOK, and long. In locomotives, on the contrary, where m 
similar gaseous operations are carried on, the chambei 
^(cafled the fire boi) ia deep, wide, and thort. Thus thi 
ftrmer is deficient in the capacity which is there ai 
cuential ; while the tatter has it in abundance, though no 
.^lOlutely necessary. 

This anomaly is illustrative of the absence of due inqoir; 
*bMi the loeomotiuB tubular s^stew was inadvertently intro 
dneed into marine boilers, as will be shown hereafter. It i 

taem between the grate and the copper may be illoBtrated hy » vetj aimpl 
MperimeDt. If a eraaU copper or porcabin capsule, eootuning mtter, I: 
kill over the flame of a candle a little abore ita apex, the dame will lufit 
aa abuMmeDt of biigbtueGa or aie, but will coatiDiie to keep the wat< 
btulily boiling. U the oapsule be now lawerad info Ike mvidle of th 
Jlamt, this nill immediatelr liiite ita brightncas, becoming dull and imok] 
. egterini! the bottom of the capsule with aoot ; and owing to the ImperfM 
nibustiau, Ihotigli the water la now BorraandeA b^ ^e ^3jaB.\'«>jB 
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here only ncces^nrf to add, that as bituminoos coal 
efficientty, or economically, be employed, except on the 
dition that the ^ascoiu as 'well as the Jixed 
^plied viih the air neceesaiy for combustion; b 
mtial that adequate space, or area, be provided 
e for the due performance of such duties. 
I a general rule, deduced from practice, it e 
, that the depth betwet^n the bars and the 
\ the furnace should not be less than two Jixt 
le* where the grate is but four feet long; iocm 
L the same ratio where the length ia greater : 
mdly, that the depth below the bars should not be 
lougb d«pth 13 not there eo essential either pract 
ically. 



CHAPTER HI. 

' THB IHTEODrCTION OP Till AIE TO THE COCS, 
IXXKD POBTION OF THE COAL IS A FTTBSACB, 
TICALIiT cousin EEEB. 

With reference to the volume of air required fat 
mbustion of the coi:e of a ton weight of coal, indepesde 
Bheyo*, there can be neither doubt nor difficulty, ~ 
lut one body, or combustible to be dealt with, viz., 
there is but one supporter of combustion reqoi 
—the oxygen of the air. Any difficulty that may arise, th 
fore, in practice, caonot be a chemical one, and must be 
result of some impediment mechanically introduced. 

We have seen that in combustion, atmospheric aij 
largest ingredient ; yet, it ia just tiie one to which, praefSA 
colly, the least attention is given, either as to quantity or 
control. This surely is not in accordance with the scientific 
*faias o£ the age. Indeed, the practice oE \.W -cteaeiA, Skj 
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f-in direct opposition to wliat scienoa dictates; and may bo 
ompared to tbat of a chemiat, wbo, tliongli requiring preciss 
tpoportions and equivalents, both in weight and Tolume, of 
WO ingredients, for producing a giren result, should never- 
bheleas be particular as to providing the one, but regardless 
6s to the other. 

Mr. Craddock, with the view of refuting the objections to 
the tubular boiler, obserrea, " If chemistry did not teacli us 
tliat the rate of combuation produced in the furnace la 
dependent on the quantity of air paisinij through it, every 
iaj'a experience would soon convince na of this." Now, 
chemistry certainly does not teach, nor Joes experience 
justify, any auch inference. What both teach is thia, that 
coBibuBtion dependa not on the quantity of air passing- 
through it, but on the weight of oxygen which is taken 
Bp in the passage. In truth, the quantity of air passing 
through it may be even destructive of combustion when 
in eiceaa of the demand of the fuel, if improperly intro- ■ 
I dated. 

Again, he observes, "Thia being tho cjiae, the matter 

) ttiinds thus ; — the quantity of heat generated is dependent 

npon the quantity of air admitted : ao also is the quantity of > 

iteam produced dependent upon the greater or leas intensity 

of the fire," 

Neither chemistry nor experience justify these infereucefUi 
Sie quantity of "heat generated" is dependent on th«- 
relative weight of hydrogen first, and carbon afterwardg, 
tiemiGalli/ combined with their equivalent weights of atnioa- 
pheric osygen. The quantity of air admitted may, indeed, 
BCtually diminish the qnantity of heat generated. So, " tha 
quantity of steam produced" does not depend on th»' 
" intensity of the fire," but oa the quantity of heat absorbed 
fy the water, as will hereafter be esplained. 

Were there nothing else requiring attention, in the use o? 
«(>sl, than the combustion of its Gxei corknv ^aa\B.Vfte?*op 
hox of a loeomotive) nothing Eurtliec ^o\ii. >ib -a^wnisw 
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than the supplying the air through the grate-bars to tie 
fuel on them. In the nae of coal, however, aa there is tit 
gag also to ho generated and consumed, any exceea of air, est 
its injudicioua introduction, though it might not 
combustion of the carbon, must necessarily ii 
the quantity introduced I'or the use of that gaa. 

As to the quaniiig of air chemically required fop the 
or fixed portion of the eoa), after the gaa has been expel 
, it has already been shown that every 61bs of carboa reqnil 
161ba. of oiygen. Now, the volume of atmospheric air wl 
contains IGlbs. of osygen ia estimated at about DOO 
feet, at ordinary temperature. Takiog, then, bitai 
coal aa containing SO per cent, of carbon, 
of coke (the produce of 20 cwt. of coals) requiring'' 
equivalent of oxygen, and which will bo equal to 240,1 
cubic feet of air ; since aa 6 ; 900 : : 16 : 240,000. This 
quantity of air requited for the exclusive use of the coke 
Jar*, must, therefore, be passed upwards, from the ash' 
the product being transparent carbonic acid gas, of 
temperature. 

In thia proceaa no error can be committed. The 
remaina quieacent, and tEtlhout cotahuttion (wholly ixxeB] 
tive of the temperature to which it may be raised), 
each atom shall, successively, obtain contact, and com! 
with its equivalent of osygen ; which become, as it were, 
wiugB by which it ia literally to be carried away, in fte 
shape of carbonic acid. Of itself, and without the ^d of 
such wings, it bad no power of movement, escape, or com- 
bustion. 

The conditiona under which eo&e entera into union with 
oiygen, and the singleness of the proceas, marlta strongly 
the distinction between ita uae in the locomotive, and tliat 
of coal in the marine, or laud boiler. In the former, then 
is but one operation, aa here ahovm ; in the latter, however, 
i/iere are the several gaaeoua opera-tionB, aW ot 'uV-ufia 
sjratemRtic matrngemeixt. 
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i^ 3a Buppl^ng the air to the <^e, and to avoid tlie admia- 
non of » larger quantity than is legitimately re«]uired for it» 
own oombuaHon, the prinwpal point requiring attention is 
fcbe preserving a uniform and sitfficient body of fuel on 
bars, aa noticed in tho iast chapter ; thua to prevent the air 
paasiag through the fne! in masses or atreams, by which 
icooling effect would be produced, injuiioua to the generation, 
'And combustion of tlie gas. Where anthracite ia used, as in 
(the United States, and which is composed chiefly of carbon, 
'tlte practice is to keep a body of it on the bars of from 7 to 
IS incbes deep. If this depth of anthracite is adviaable, it 

I hereafter be explained, that a greater depth is requisite 

febituminoiiB cool. 




CHAPTEU IV. 

MEANS OF 1 



f the air required for the eoJce of a ton of ■ 
e have now to consider tjie quantity required for tho 
ffm of the same. Here we enter, unquestionably, on the 
most difficult branch of the inquiry. 

It has been shown that eiich cubic foot of gas requiree, 
Bbsolutely, the osygen of ten cubic feet of atmospheric 
ft^ the proceeds of the Gas Companies, wo learn, that 
10,000 cubic feet aro produced from each ton of bitumii 
coal: this necessarily requires uo less than 100,000 cubia 
feet of air. Adding tins to tlie 240,000 cubic feet required 
for the coke, we have a gross volurae of 340,000 cubic 
fiset as the minimum quantity absolutely required for tba 
ooBibustion of each ton of coal, independently of that exceM. 
which will always he foiuid to pass beyond y;hivt ia cWmi.- 
Mtlj required. 
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Aa it continues to be oeaerted tbat this gre&t volumff 
air might, under management, be introduced through ihej 
bart and superincumbent fuel, the question demands a clo 
examination. A little consideration, however, will shi 
that such a proceeJing would be not only opposed to 
chemicul esperieucc, hut that it involves a phjeioal imi 
aibilitj. 

It wili not here be necessary to prove, that a bodfi 
air could not pass through a mass of incandescent 
without being deprived of the entire, or a large 
of ita oxygen ; na well might we eipect that 
would pasa through the lungs of one human being, i 
yet contain the necessary quantity of oiygen for ■ 
support of life in another. 

Before a fresh charge of coal is thrown in, there will, 
should be, as already observed, a sufficient body of clear i 
' higlily beated coke remaining on the bars. Afier the cl 
I has been made, a large volume of gas will be general 

I and, consequently, an equivalent quantity of pore air will 
required for its combustion. Now, at this stage of 

j proceaa, and by reason of tlie mass of fresh fuel thrown 
the passage of the air through it must then, necessarily, 
the moat restricted. Thus the smallest quantity of air wo 
be enabled to gain admission, simultaneously, with ' 
greatest demand for it ; and the largest generation of \ 
simultaneouBly, with the most restricted means of enabli 
the air to obtain access. Were there no other consideratio 
these alone would be sufficient to show the absolute nee 

\ eity oi providing tome olAer channelior the intrnduotion 

I the air for the gaa, and the impossibility of introducing 
'jequlsite quantity in that direction. 

As the obtaining the largest measure of heat from i 
given weight of coal, turns exclusively on the inirodiu 
the air in the proper quantity and manner, this, in f 
beeomea the cardinal point in the inqmiy -, aai Q-nWiua -y 

ioFe the greatest miatakea been made. "Vj'B.ttim^iai 
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patent (1785) sought to introduce the air through the ho^ 
of freih coal placed in front of the furnace. Chemistry, 
howerer, has since shown, that not one hundredth part of 
the required quantity couid be fio introduced. When Watt 
was engaged in conaideriDg tlie generation of ateam, concur- 
rently with the use and economy of fuel, all was uncertainty 
as to the proportion of air, cheinicaily required for its com- 
bustion. The scientific world bad but a vague idea of tJie 
relations between the combustible and the supporter of 
combustion. The all- important system of chemical equlv^ 
lents which now forma tbe basis of our knowledge, aa inA 
quantities, was not even suspected. Since then, howeveri*! 
by the diacoveries of Higgina, Dalton, Davy, and their aue- 
cessora, uncertainty has given way to certainty, and we aro 
now as sure of our results as if we had, physically, the 
power of handling and combining, at will, the several 
elements which enter into tbe composition of bodies. In 
the language of Stoekhardt, " Previously to the discovery of 
the laws of equivalent proportions, hardly fifty years ago, it 
could only he ascertained by laborious trials, how much of 
one body was required to combine with another, or to 
replace another. It is now only necessary to refer to thi 
table of the proportional or equivalent numbers, to t 
Uia, and beforehand, the quantity to be employed." 

Had Watt been experimenting on the combustion of a 
with the accurate knowledge we now possess, he certainlj? 
would not have neglected (as is the case in the present dayj 
the providing the relative quantities of the ingredieuta, oh* 

' being one of them. 

f We may here imagine the amazeraeat which Watt woul^ 

I have e:(perieDced, had the following formulce been presented!, 

I to him, 

" Organic substances have an incomparably more eompli-' 
ealed consliiuiion than in tbe organic compounds, aa th« 
fbllowiog examples show : 
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" From the well knoTfl amber, a peculiM 
acid, KiKcinie nciil, is obtaiued, >i luL'h con- 
stats of four atoma of carbon, two atom* af 
liydrogeD, Bad threo abomiofoxygen. and ha 
accordingly the forumUC.HjOj (see Fig. 3^. 

" If one atom of oxygen is ftdded to thii^ 

we have the coustitutioa of malic aeid ^ 
C,H,0<(seeFig. 21). 

" If one more atom of oxygen is added, 
that of tartaric acid = C. H. Oj (sal 
Fig. 22). 

" And by adding yet anotber atom of 
oxygen, that at form ic acid = C, H, 0, 
(■.e Kg. 23). 

" But ou the other hand, if one atom of 
bydrogen ia added to the succinic acid, nhid 
waa the Htarting-point, the conatitution of 
neeiic acid ia obtained ^= C, Hj 0, &c, (^ 
Pig. 24). 
', staich, and wood have precisely the eaiue coDsti- 
tation, namely, C^ Uj 0^ : they are isomerie. If we imagine 
tiiaae three elements grouped together in different waya, oa 
foe instance r — 
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>iV Sere, then, we can form an Idoa how one and tha sauoe 
oanttty of the eame elements may eombine, formiiig aiiek 
ny different bodies." 

"With reference to the volume of air to be introduced, 
Vofesaor Daaiell observes, that it will be BecesaBry.evea in 
Lboratory practice, to supply Imice the i^uaTility that would, 
aictly and chemically, be required. Now, taking the 
dnimum quantity of air, at atnioapheric temperature (for 
tifi gas of one ton of coal), at 100,000 cubic feet^ to form 
n idea of what that quantity ia, it will only be necessary ta 
ay, that it would fill a tube of 12 inchca square (the areft of 
vdinaiy fire doors), and of no leas thiin 20 miles in lengtli. 
Tbia will enable us to consider practically the great body, or 
Wilk, we hayo to deal with, and tbe difficulty of effecting its 
ntpod notion. 

The introducing the required quantity of air will neces- 
tBEtly depend, first, on the area of the orifice through whicb 
t enters ; and secondly, the veloeilg at which it passes 
:]irough that area. It has been stated that the aperture for 
;he admission of the required quantity should average from 
me-^alf to one egitare inch for eaeh tquare foot ofgrate-har 
tvrfaee. 

3o entirely disproportioneci, however, ia the area hero 
itated, that it would not supply one-fourth the quantity 
ibsohttel^ required ; much less that additional quantity 
vrhicb we have seen must of necessity pass with it. 

There seems, then, to have been some serious oversight 
in making these calculations. Practice and experiment 
prove that instead of an area of one square inch, no less 
than front four to six square inches for each square foot of 
Furnace will be required, accordiog to the gas -generative 
quality of the coal, and the estent of the draught in each 
particular case. 

In eiamining the tables of reenlta Bu^'j^ei ^■j ew^ieo.- 
toeators, the amae of their error may te traceito aBoa'tiH 
a the estimated Telocity of the heated ^aaeo^aa ' 
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passing through furnaces to the chimney shafts. As 
has, in many instances, been adopted on the su] 
authority of Dr. Ure, it is right to state, that the 
appears to have originated in taking what that 
chemist and experimenter had given, — not as praeticalf 
as theoretic results.* 

It is to be observed, that we are not here determining (a 
Dr. Ure was) the velocity of the current of heated 
products passing through the flttes of a furnace, or ei 
by a shaft of any given height. It is not the egrett 
intensely heated products that we are considering, but 
ingress of air at merely atmospheric temperature and prei-j 
sure ; and farther subject to all the consequences of im-j 
peded motion from friction, in passing through nomi 
small apertures. 

The following table of relative velocities of the air 
entering, will illustrate the joint influences of current 
area through the admission orifices. 



Air aperturo per 

Siiuaro foot of 

fumaco for bitu- 

miaous coaL 



Squoro inches. 
6 
6 
6 

5 
5 
5 

4 

4 
4 



Velocity per 

second of inffteas 

ciirrent of air at 

60**. 



At ft. per second. 
5 
10 
20 

5 

10 
20 

5 
10 
20 



Cubic feet per hour 

entering through 

small orifices. 



Cubic feet 
7,500 
16,000 
80,000 

6,250 
12,600 
25,000 

6,000 
10,000 
20,000 



For evexy ton oC 

Coal in Cublo 

feet. 



Cubic foet 
76,000 
150,000 
300,000 

62,500 
126,000 
260,000 

50,000 
100,000 
200,000 



* Dr. Ure's statement is as follows: ''The quantity of air passing through 

weU-constmcted famaces, may, in general, be regarded as donble what is 

ligoronaly necessary for combustion, and the proportion of carbonic aoii 

generated, therefore, not one-half of whtfc it 'wotMl'V^ ^«» t3^ ^^ wcjV 
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NoWy sappoBO a fbmace measnriiig 4 x 2/6=10 square 
et of SQi&ce, aad with moderate draught, this will be 
lequate to the combustioii of 2 cwt. of coal per hour ; — ^the 
18 from which will require 10,000 cubic feet of air. To 
ipplj that quantity, within the hour, will require the 
allowing relatiye areas of admission, and velocity of cur- 
mt, yiz. : — 

Velocity of carrent per Area of Aperture, in 

ateond of air entering the sqaare inches, per foot 

fomaoe. of furnace. 

If at 6*66 feet per second, will require 6 square inches. 
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From this we see the absolute necessity of ascertaining 
be practical rate of current of the air when entering, before 
re can decide on the necessary area for its admission, 
litherto no estimate has been made respecting these pro- 
ortions on which reliance can be placed. 

With reference to the mode of introducing the air, it is 
lot a little remarkable (so slow is scientific progress when 
pposed to established custom) that many, to the present, 
fverlook, or even dispute the difference in effect, when it is 
ntroduced through one^ or numerous orifices. In il^h 

ombined. The increase of weight in snoh burned air of the temperature 
I 212° being taken into account will give 19 yards or 57 feet per second 
or the velocity in a chimney 100 yards high incased in steam. 

"Such are thd^^ednctions of theory ; but they differ considerably from 
nctical results." Describing the many sources by which the theoretical 
relodty was diminished, he gives the result of a series of experiments in 
iluch the velocity per second was as follows : — 

" The chimney being 45 feet in length, the temperature of the thermo* 
Meter being 68** Fahr. the velocity per second was — 

•n« TT^vv^^s,*,^* Me&n Temperature 

By Bxpenment. of Chimney. 

.5 feet . . . 190 Fahr. 
. 5-76 „ . . . 1VL ,, 
• 6- 3 „ ... ^1^ M 



Trials. 


By Theoiy. 


1 . 


. 26-4 feet 


2 . 


. 29-4 „ 


S . 


. 345 „ 
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first example (if tlie boij of air be not too great), 
; may be favourable, to some extent, iu prereDting 



ration of dense amoke- 

■ of air thua Intro- 
is cbemically inade- 
ihe combuBtion of the 

f the latter ranst 
'monsumed, tbougli not 
tia of amoke, but aa a 
toted vapour. Insiicli 
iWever, the inference 
^ann would be, that^ 
1 of admiasion was 
^ and the combustion 

■ Itowever, wouM be 
n ; beeidee, that it 
nstJtute the mere noa- 
ica of smoke oa the «'. 
aerfect combustion of ^ 

firet caae. Fig. 28, 
of air, by pasaing 
single aperture, pro- 
action of B strong 
■nd obtains a direction 
sitj- antagonistic to 
al motion of its par- 
:b is the very element 
□. In this case, posB- 
ihe floe, the atream 
orsueB its own course 
level. A, while the 
iioducts fill the upper 
"t ia here evident, 



Inasmuclt, howevw, as the 




to the hwB of motion, that tke two ^orce'i^ oetiM^ 



Bo THE COMCCSTIOTT OF COAL 

in iha tame direction, prerent the two bodies iinpell 
them (the air and the gas) &om amalgamating, 
the^ do not como into contact, except in the s: 
planes, of their respective prorimate surfaces. The o 
influence of the air, however, goes oa in the flue 
produces a result the reverse of what was then most de 
In this case, the Telocity of the current is opposed I 
desired diffusion ; and as, by the laws of motioo, : 
cannot chaugo its direction unless by the introdoct 
tome other force ; — that oilier force ia just what ia 
required. Thus, in the present instance, we must 
change the direction of ths*surrent of the air, or gin 
right direction from the hf/jinning, 

Nov, instead of a single aperture, let the i 
through a hundred or more apertures, as in Fig. 29.' 
tiie force and direction of tfie current will be t 
and the required diffusive action produced on pan 
Iridge. Instead of the refrigeratory influence of the 
in the first case, there will be a succession of igniting 
or groups, which Sir H. Davy calls " eiplosive n 
each producing combustion with its high tempi 
These are distinctly perceptible from the sight holes a 

The same resultB will follow, whether the single o 
T0U8 orifices are placed at the door, or at the hridge i 
fiimace, as in Fig. 30. In this ease, the diffusion 
more immediate and effective. 

On this point it may be well to notice the o(t-n 
Toot, that the avoiding dense smoke may be obtai 
leaving the fire-door ajar. Now, so far from tliis 1: 
discouragement, ot argument against the use of nn 
*mall orifices, it absolutely confirms both the principl 
ijiractice ; for, if allowing a given quantity of air to enteni 
'm thin film at the edge of the door have a good effect, we ax 
thereby encouraged to allow the entire complement to ent« 
by other and more numerous fihu or apertures. If, iudeei 
allowing the door to be ajar^ v>ibU an o^onios q? ^^ 
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sufficient for the admiasioa of the entire folume re- 
d, nothing further will be desireJ. The moment, how- 

tlie aperture is enlarged by opening the door wider, to 

that required volume to enter, the injurioua and 
ig influeuce of the body and current of air becomes 
rident, and the result confirmed by the reduced tempe- 
B in the flue, as indicated by the pyrometer. 
' the advantageous effect produced by mechanical agency, 
xjmoting immediate diffusion between the air and the 
the following eiperimenta are quite conclnsive. 
t Figures 31, 32, and 33 (see Plate 2), represent each a 
pparatuB, with its glass chimney, similar to tiie ordinary 
nd burner, — the gaa ia admitted the aama way in all 
I — the difference to be noted ia, in the manner in which ] 
ir ia admitted. In all these caaea, the quantity of both 
nd air was the anme. 

rig. 31, no air ia admitted from below ; and the gas, 
tquently, doea not meet with any until it reaches the 
if the giasa, where it ia ignited, producing a dark smoky 

Fig. 32, air is admitted from below, and rises through 
)rifice at A, concurrently with the gaa at the orifice B. 
>eing ignited, ono long flame is produced, of a dark i 
X, and ending in a smoky top. 

Fig. 33, the air is introduced from below, and into the 
ber a c, from which it issuea through a perforated 
, like the roae of a watering pot ; thus producing 
(diate mixture with the gas, On being ignited, a short, I 
, and brilliant flame was produced, as in the ordinary 
nd gaa burner, 

le heating poieert of the flames were then teated, by | 
Dg a vesael of cold water over each. When over 
32, it required 14 minutes to raise the water to 200% ^ 
ea«, over Fig. 33, it reached 200° in 9 minutes. . 

■fethe difference of effect produced in those three et- J 
Bfa corresponds with what takes place Vn tMraace* kb.^- j 

fa i 



r 
I 
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tlieir lIueB, wlien the air is excluded, nnd when it ta » 
throQgh a single or through numerous orifices. 

Of the importance ot mecltanieal agency, in promot 
rapid diffuaiou or miiture of the air and the gas, the 
adopted on the continent for rendering the coke gaa, 
tonic oxide, avaiiahle, tiro conclusive and instructiTe. 

M. Peclet lins given ample details of the mode of ( 
the combustion of this gas (the existence of which h 
long time, been practically ignored in this couatryj 
manufacturo of iron, and oven in the puddling i 
where the moat intense heat is required. 

M. Peclet states that the process at Trereray, iq 
(see Fige, 34 and 35, Plato 3), is preferable to that : 
In Germany, and for the following reasons, which^v 
to the point of our present inquiry. 

lat. The air and the gas are better incorporated 

2nd. The relative quantities of the gas broof 

contact with the air are more easily regtil 

3rd. Combustion is effected by the iutroductiM 

amallest eiceas of air. 

In the apparatus, as shown in the section, Fig. i 
of air issue, each in the centre of 50 jets of the gas (i 
oxide), led from the cupolas of the melting furoac 
examination of the process here exhibited, the mil 
combustion, it wUl be seen, takes place on the tnst 
before the flame and heat enter the chamber of the 
at F. By this arrangement, 11. Peclet observes, ' 
highest temperature that the arts can require 
obtained." It ia strange that the practical and c 
value of this gaa, which is so waatefully expended 
manufactories, at the summit of the cupolas, but 
understood and economised in France and Germany, 
just now being recognised in this country. 




CHAPTER V. 



B been urged on tte necessity for reguUting tbe 
r entering the furnace, aa a. means of preventing i 
lit one time, or insufEcient quantity at another. 

s plausible. Practice, however, when teated by 
: pyrometer, and on the large scale of the furnace, 
bly proved its unsoundness and futility, 
meration of the gaa in a furnace were a conitant 

I uniformly increasing and decreasing ; and ab- 
ame one stage of the charge of coal ; 
iting apparatus would have its merit. The eye 
rometer, however, at once warn ua of the wide 
between theory and practice ; exhibiting the 

IS in the generation of tbe gas, and the error of 

1 inflexible scale to a aeries of ever varying 

ability of regulating the admieaion of air by 
f, was the object of numerous efforts. The 
ifirat mechimical and chemical authorities was 
ascertain whether any, and what degree of ad- 
u practicable or advisable. After much inves- 
iras found, that under the varying circumstances 
i marine boilers — of quick and alow combustion 
and small furnaces — of the irregularities of the 
iiieU often varied, even in the several furnaces of 
oiler : looking also to the various modes of firing, 
certain gunlities of the fuel em^lo^ed-, a.\i ttitsft 
tbeoiy of regulating the admiaskra ol ftis km. 
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■ each eharge proceeded, not only impracticable, I 
qjurious. 
[ In the report made to tlie Dublin Steam ComI 

, by Mr. Joaiah Parkes (tlie Patentee of thi 
idge), an engineer well qualified for eucli an inqia 
seireB : " During the aboTe-nained eiperiraentB, . 

s essftj-B of the effect produced by shutting \ 

misaiou of air to the gases, after the vitible tnflftm[ 

IB had ceased to corae over, and when the fuel c 

e was clear and incandoecent. In »ach catei I a 

md the entire stoppage of air to he followed hy dim 

n the flues and by diminished evaporation ; for at 1 
mes, carionrV oju/e continued to be formed; a gfi 
)Ugh colourless, was conTerted, by a due miitui 

leric air, into flame, possessing, erideutly, a b 
latenBity of heat, and producing mueb useful effect. 
ftlorifie value of tins gaa is lost when the a 
Uthougii its non-combustiou is not attended with tlu 
Auction of visible smoke." 

iug these inTestigations it was ascertained, t 
appearance or non-appearance of visible smoke was no 
1 either for or agaiaat the admiBsioa of air — as to qui 
\ Mr. Parkes on this bead obaerres ; " The conaequeiii 
I regulating and var3-ing the quantity of air admitted Boi 
I suit the varj-ing state of the furnace, as regards the qU 
f gas given off, also occupied my close attention. 
Inuite certain tbat, to effect the perfect combustion ( 
e combustible gases produced in a furnace, a large At 
! air (distinct from the air entering the grate} t 
iats: also, that by entirely excluding air, smoke is 
-iced, and tbe heat diminished in all states of the 
■us, with correctly assigned proportions once ascertoufl 

■ attention is required on the part of the fireman ii 
g the admission of air. On looking through the a 
I, it was manifest, tbat, as a stream of either carbure 

ko^en, or carbonic oxide g8«, "wa* <fc aSi taa«» %«t 
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Bpftssing over; bo there was aecesBBrily a correapondiiig 
tnaiid for air ; and when supphed, a contiououe stream of 
tible flame." 

s conduBiTe on the point of regulating the supply 
r, or Bhntting it off at any period of a change. 
D additioo to this inquiry. Sir Bohert Kane (one of the 
est chemical authorities of the day), was also engaged, 
I m&de an elaborate inreetigation and report on the 



r DoBLtr Steih-Faoeei: 

— In ofcord&nce with your request, tliat we Bbould proceed to 

tbe cojutTDCtioD sad perrormanoe of the Manae Boiler 

ted at ;our vorlu in Liverpool, upoc Uie principte uF tbe 

it of Mr. WilliiutiB, ire liaye to report, tbat we hnve carefullj in- 

d till! operalioa of Hiese faroacea in their several parte, and also 

Bi sthem eoDatrueted in a umilar iDBimer, upon a large working aa/in, 

iu actual nse in varions porta ef the tcwn ; and that ire 

BeTcrat series of eiperiments and ohBerrntiDnR vpoa the 

-e produced by those famocea, and tbe manner iu vbich the fuel 

}n dedoeing from those eipeiimeata and obBervalioas the conclmions 
1 be found embodied in tliis report, we have taken into careful 
le general dieniii^ principles upon whtc^h combustioD muat 
o as to effect the greatest econoDiy of heat aod fuel ; and we 
bow tar those principles are atteuded to in the coustnic- 
ions Idnda of fnmacefl (hat have beeu proposed for prao- 

ioa U> which we haye arrived, »nd wliiob we beliere to be 

Toy decisive evidence, a<i well of a praetical as of a theora- 

,j he briefly expressed as follows : 

t, in the comhuetion of coals, a large quantity of gaseona and 

e material is given out, which, in furnaces of tlie ordinary eon- 

i in great measure, lost for heating purposes, and gives rise to 

[make whiuh, in mana&ictnring tflvns, prodnees moch 

Lt the propoFtitHi which the gaieoas and volatile portjon of tbe 
it wtuch is Jired, itnd capable 6f complete combustion on a 
t hnuK« gral^ may he eoniidered as one-/uuTili, \& ^W: ctifc dt. 



THK rOHBUSTIO!' OT CO^L 

ariL Thntthe sirforthv oi>iDbiutianof thii gueoos em 
ouuut, with kdruiUge, ba btrodaoiid aitbar through Ihe it 
tre b*n. or the door bj opening it. In the 
deptind of ita Dijgen by poBiing thraagh the solid hcl, w 
» ImIjw to mry off the combustible gascB liefore the; can be lni?lii 
Mb latter cue, t)i« Rir which would enter, b; reun 
■mm, wonld pnxlnca ■ i;oolIng inSaence, and euii 
^aM pmpetlT to support the soiafaaBtian cf the guea. 
I 4th. That the combustion of the ^aeoaa oiAt«riiila of 
ueoinplishid b; IntmdnciDg, through a number of thio o 
Ihs necesBary tnpply of air, bo that it may enter in a divUiiJi 
mpidiji mix with the heated gtaet In ancli propurtjaua ai 
bs oDmbnitton. 

£th. That, in burning ciiie, or when coal hns been baniMl d 
ir red fire, altboogh tbe conibnalion on the graie may BKpMT tS V 
I, and little or no fiame maybe iirodnoed, anil nu emoke wluitnvfl^ 
•e may be a greal niitaunJ 0/ uit/ul heal loll, owing to tbe futnwtifl 
e oxide, which, not finding n fresh eiipply of oil at 1 
IB off Qnbnrn&l. 

ider the oomoian ■rraogemealc of b^cr t 
m intenae combustion on the firt-graU, and but Utt]« in lh«j| 
DM! of tempGraturo In and aroond tlie Tarioua parta of tbt B 
r ; and, oousequently, the boiler a moat aubject to tiM a 
naeqtuil temperatures. On the other liaiid, when the proeeM of VM 
is spread thrungb the Sueti, as well as over (he fire-grate, the tnq 
remains most onifonn throughout, and the boiler and its settingli 
I leait hable to injury. 

:. That tbe heat iirodaeed by the sombiiation of the indi 

and inpours fram the fuel, in fluea ov chambers lidl 

I bridge, mnet be oonaiderable, and can be advantageonsly ^ 

Iboilen, the length of whicli may be cummeniuiate with that. 

eated flues. 

[ In fnrther aubalantiation of these concluaiiin, 

mlta of our eiperimcnte made with the marine bollBn fitted, 

^pBTtnifiB an Mr. WiUiams's plan, in order to deternuDe lunr 

1, the adeatiflc pi'inuiples of combustion may be eooiuiBiie^lly 



EX'PEEIMENTS WITH COAL- 

EXPIBIHEXT 1. 

e fire was charged with can', and air admilled only 
Urj-wflj, ((he pasiagc to the air-4iM,ri\nitot4\itiii6o\oaB4,~i'vii 
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IWor of the fluea wu filled witli n dtntt black smoke, vhicii poured out 
torn the orifice of the chimne; in great qosnlit;, sud aa ubservod tiirougii 
ha (^t-boles. Tha mean teiuperatnre of tUe flues in lliis Mperunent being 
pond lo be efiO". 

Kne forntce being uti&i^ed io tbe same maoaer witb coat, and the suppl; 
Kur by the di»i&ig apparatns fiillif let on, tha »mol(e instantly din - 
IgiMred. NotLing viable pused fraia the chimney. Tha flaaa became 
Bid witb a cleftr yellow flame, whieb wound rouad at a maximum 
feteuM of thirty feet, nnc! t)ie mean K'mpcisture at the turn oT the Bus 
IHftuud tr> be 1211°. 

Bmux, tbe quantity nf heat conveyed to the water throngb the flnea, wb« 
tm^ doubled by introducing tbe »r in this divided manner ; and, whilst 
bfiull Teauused the aame, the oombagtion ivaa rendered pecft'Ct, and no 
Lobe produced. 

I ElFEniHEKT S. 

I tBiB fimuice being i:liarged witb coal eiaotiy ae befuro, tlio pausage to 
la air-Bpertnrea was oac-half elosad. A grey smoke iesned from the 
Wnnqr- Tha flues wore ocoupied by a lurid iiame, occnaionallj, of 
pearly forty feet in length ; the mean temperature of the Sues being fomid 
ltb»gSE°. 

Thn^ with half the supply of air, a mean oomlitjon niu obtained 
Mveen tbe dense black smoke and irapecfact combu^tjoa of the Gnt 
Iqierimeut, and the vivid combustion and perfect absence of sm';ke of the 



EXPEHIMENTS WITH COKE. 
Aring thus tested tbe drcumstancea of the combusUon of cc 



SxFfalHKKl 4. 
TIm furnace being fully charged witb coke, (from the Gas Works,) and 

tanr-ajiertKre doied, so that it burned as in an ordinary furnioe, the 
iwatadark, bnt a bluish-yellow flame extended uoder tha boilsr to the 
tA, a space of ten foot. The mean temperature of the flue was then 
tod to be 702°. 

The coal, under the same eireumatanoes, having given a niein lempeni- 
Blsf flSO* a difference of 62° heating power was thua shown in broarof 
*i and whioh ajrrees irith results obtained by ofer* w'A\iturD«iw4ii^^"« 



g^ 
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BxristKiMT 5. 

The fiirnate 1>eing »g»iii charged witli coke, the air-spertw 

one-Ao^ The dues theu became occupied vitli t, flame of tu 

blue, jollow, and rose-ooloured, — prodaced by the combustion 

uuJ vitriuuu other gaseoua jiroductB. Tliia flame eit«i 

Ij-flve feet. Ihit mean temperature of the Due waa Ihei 

lOlO". 

Thus, even with coke, the increaso of available heating pen 
bj tlie a^iuion of nir on Mr. Williamd'a plan, wta foand ii 
thne-teath) of the entire. 

£XF£HI)»KT 6. 

The furn&ce being ngun charged vitli coke, and the aii-iQi 
opened, the flame in the Hue Hhortcuod la abont fifteen feet, I 
temperatnre of tba due became 852°. 

Benoe it sppearoil, that there had been a Urger quantity of 
in this hist case than waa nectesLty for the cambustion of tl 
theiwiU; and benceacDolingeSectiind been produced, Bueh aa 
one half of the advantage wblch wonld have otherwiee been gh 

It result* from t!iese eKperimonte,— 

Ist. That the air-apectore of the fumaoo was anffieieDt fi 
combiutian of caali, but ira> one-bnlf too large for cote. 

Sod. Thai lij the nsa of tlic aLr-apcrturca, in tlie case of mm 
!a prevented, and the nseful effect of the fuel much inoresaed. 

3rd. Tbat, even vban coke is oaed, the heating effect 1 
increased bj the admission of air by apertures behind or at 
but it required only onc-Italf of the air which is necema 
IT, however, it be snpplicd with the qnaatity beat ad^it 
one-half of the advantage ia again tost by the cooling p< 

ith. Since, in idl ordinary cases ot praetioe, freeh fuel 
moderate ciuontities, at short intervale of time, it waa not foe 
to alter the rate of odmiesion of the air by valves or otjier 
A. nnifonn current, admitting a ^Dsutity of air intermediate ti 
sary for coal alone, will abundantly au£6ce for the perfect c> 
the foe!, and need not reiiuire any extra attention on the 
workmen. 

In ooncluaion, we have to slate as oar opinion, that the an 
fumaoe and admission of distributed air on Mr. Williama'a plai 
conditiona of complete combustjon in the highest degree aa f 
jiatible with the varieliea which exist in the conitrnctiDn of 
peealUu cbAToeter ot Hk coul employed, and the-ntAnTQiA^be 
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formation uf sntoks ia prerented ; and the eeunomy of Tuel we 
DOnsider as beiag less tima in average of one'fiftli of tlut gi 
«Me at calf, and of ono-tliird of tlie entiro wlien coal is u»el. 
We are, Oentlcmen, 

Tom obedient Serynnte, 

BOBBET KANE, M.D., H.a.I.A.,' 
ProfafOT of JValaml Pkiloioi^y to the Kotal Dbblib Socibit, M 
Profeti'ir of Clieittialn/ to the Ajiolhecaritt' Hall of Ireland. 
I K. H. BEETT, Pii.D., P.L.8., 

Profaaor of Ckemitlnj to the Lirei-pool CoClegiide /lufitutJM 
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The inference from theBe cbemical inyeatigationa i 
^Ihere i> no interval from the heginninij to the end of a charge, 
[ttften fhere U not a large lodg of eomhuatible gas generated 
|jn the furnace, and a large supply of atmospheric aku 

The advocatea of self-acting valvcB have overlooked tlw i 
chemical fact, tliat as aoou as tho coal gaa (carburetted 
hydrogen) ceaaea to be evolvod, the fuel on the bara would 
tben be in an incandescent atate, and precisely in the con- 
dition to furnish a copious generation of the other gaa — the 
eeJet-gas, or earhonic oxide; but which had not hitherto been 
oticed by any writer in connection with boiler fumaeet.* 
, BB this latter gaa requires (for equal volmnea) one-half 
^quantity of air of the former, it is equally necessary that 
1 supplied, or the heating power of carbon would he 
The characteristics of tJiis gas have already been 
Its practical application requires here to be noticed. 

■"Oatbonio oxide," obBECTM Profearar Graliam, " may tie obtainod by 
mitting ottrbonio acid ovar red hot charooBl. The combuation Is Dfta%. 
I vitnassed in a cohe or oharcoal fire. The cailnnic acid prodnced 
tr part of fhe Jire is conrortcd into carbonic oiida na it past 
I Oronsh the red hoi eniici'j." 

f Ut. Dewrance, EngiDOeroftboLiTerpool and Manchester Bailwny, when 

fhtt (uA «aa pointed oat, fell the ioiportanee of allowing a large qnantilj' 

otkir In enter throngh the door, by nameroaa oriScsB, and eiperienced the 

I iliiig puvcrs ariiusgiTDUi the combuBtiQuof ^^le Qa^Le fjiftrntta. 

. Uomotiies. 



^ 
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For obtaining the Buj^posed adyttntages of regnlatinj 
admission of the air by mechanical agency^ many ingei 
contrivances baye been suggested. Among these the 
lowing was tested many years back by the Dublin 8 
Company : In the diagram, Fig. 36, a is the orifice foi 

Fig. 86. 
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admission of the air ; h the valye ; c the cistern with b 
regulate the fall of the valve ; c the supply cistern ; , 
tap for letting off the water ; g the tap for regulatiD 
rate at which the valve descends. During the first b 
a twenty minutes' charge, t\xe yaWe Iqaa tlo Q^T^^svc 
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^leriure remaining open, the full supply of air being then, 
required. During the next live minuteH it grodualiy ctoseB, 
and during the last five minutes remaius closed, to counteract 
the neglect of firemen in allowing too much air to enter 
tiuough the uucovered bars at tlie end of each charge. 
Simple as this plan was, it became unnecessarr, aad wa« 
finally discarded. 

Ab some notoriety lias lately been given to the pUa. 
patented by Mr. Frideaux, it may here be expected that it 
diould receive examination. M>. Prideaux very justly ob- 
«rTeB ; • " Only two methods present themselves by which 
I tiie supply of air and the wants of the furnace eaa bo mod* 
to correspond — either both must be made constant and 
ngolar, or the fluctuations of one must be made to coincide 
lilh those of the other." Again, " If a continuous and 
tqnable supply is to be furnished to a furnace, then the 
supply of fuel must be made continuous also. This appeara 
to be the most perfect method of working a furnace, aad it 
to accomplish this object that most of the attempts to 
it smoke, and obtain perfect combustion, have been 
Brunton's revolving grate. Jukes' endless chain 
■bars, and more than one kbd of rotary feeder, ^ 
,with tolerable efBciency, the purposes for which thoy 
jeaigned." 

Enb these just and appropriate remarks Mr. Frideaux 
u plan of " A self-elotittg valve f<n' prevent' 
' Hy tmoke and economising the fuel," and by which to cause 
" the Jlnctuations iettceen supply and demand to coincide" 
Be then describes the action of his Talve as follows : " Tho 
stoker when he cloaca the furnace door after firing, will raisa 
the arm of a lever appended to it : this movement throws 
vide open a sliding vaive in the face of the door, which 
Wmedialelg eommenecs closing, slowly and automatically, by 
the gravity of the lever, and affords during the progress of 

• " Hudhneatary 2ivaii>e on Fuel, particiilarli| irilli vi^treiw* 
ttre r ieraArry J'uraaca, by T. SymcB Frideaux, Ewi, Juloi'Swia^ 
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todeBcent, a gradunll^ dmimthing tupply of air to thai 
Viiarmony imlh the gradually dminiihing re^iremtn 

Bf wliat meana tliin ttitherto imdiecovered phenomi 
the gradaallg diminishing reqwre-ment* of the fuel A 
^Jwtt half of each charye was ascertained, is not <tl 
, however plausible tliia tUt'ory may be, it is at ' 
Iproved by experiment — the " wantg of the fumaet" 1 
f direct controdictioa to tlio alleged " gradually duAitlk 
fuiremenlt of the fuel." In truth, experiment ^ 
lae the Jlucluations hetween the tuppUf' 
inond to coincide" the arrangements of the tbIto 4t 
3 been just the rcTcrae of what is here descritfe 
bing place, and should rather renuire a gradually i*e 
Utead of diminishing) supply of air to the fire, in 
iffeh the gradually increaaiv} (instead of diminislilni 
■iremeuta of the fuel. 

f By the operation of closing the yalveB, the act of i 
Jig the supply of air begins on a fresh charge of^ 
; made, and it is entirely closed when one-half ^w 
piired for the charge has expired ; thus necesBaril^ 
to'fUM^ shut duriiiff the second half— on the mppotition 
gat then generated, imd no further aupp'i 
r necessarg.* 

■ As this oporation of tho yaXte \s m directly oppoaed to (b 
) of tlie fnel, tfae patDotee's own degciiption of it j 

" To gite ui Uluatration iif ila iuckIq of action : Sappoaing | 
flnpplj of coal to be put on a fumnca every 16 ininutm — the smolu I 
ing gia) oooaeqnent npon eoaling, to covie gradually to an end at I 
piration of ci^t mijmlei — and th&t immadiately »ftei ooaling, tlx 1 
Mqnires Bt Die rate of 100 measnres of air par minute (admittad sba 
foel), to funush the raquiaila amount of oxygen to prsTent Bmoka. 

"For Boch a fnmace as the above, this yaWe is adjusted so as to { 
at the rate ot 100 meaanrea of air per minuto vrlitn icide opm, t 
^raduaHy eloie at tht ead of tiyhl viiiuita. Now, as tlie oporfti 
claaiag ocoapies eight minutea, at four nunoteK oftet coa^u^'One' 
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It ia here manifest that the error into which Mr, Prideaui 
has fallen, has arisen from assuming, thsoretically, that the 
generation of gaa (which he inadvertantly calls smoke) would 
"come gradaally to an end at (he expiration of eight minuteg" 
&om a charge which would take siitoen minutes for ita 
completion. If, indeed, that really were the case, then this 
aotioD of his ralve " gradually closing at the end of eight 
toinates," would produce perfect harmony between tl 
mpply of air and the requirementB of the fuel." 

The Reports already given by Sir Eobert Eane and DrI 
Brett, Mr. Parkes, Mr. Houldsworth, and Bfr. Eairhaim, 
teing fiU in direct disproof of the above, render any further 
remark here unnecesaary, except to notice the important 
difference thus established between theo^;}- and practice; 
and the absolute necesaity of proof— not by the i'ailacioue 
test of the appearance or non-appearance of smoke, but by 
BBcertaining the temperature in the flue, by the pyrometer, 
bom tho beginning to the end of a charge — and the lengH^,' 
character, and colour of the flame, by actual observation. 

Mr. Prideaui proceeds : " Tho door of tho furnace should 
be double, and the air should pass into the furnace through 
% terieg o_f perforations." By this aiTangement, he observes, 
"three important points are secured; lat, the heating the 
air; 2ndly, the keeping the outer door of the furnace 
paratively cool; 3rdly, ila suidivigion into minute Jelg." 

A. few words on each of these three points will hert' 
mffice. 1st, Of "heating the air." As Mr. Prideaus takes 
in the air, as all others do, at mere atmospheric temperature, 
hia claim for "heating the air" goes for nothing. Whatever 
heat it ao^uireB (and which has been ascertained to be whol 
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Lolf allot, ctmBequeiitly Euimltting st the mte of onlj fifty n 
per minnte, and tbe whole umount of lur admitted in the «ight □ 
during viuiHi the valve in open, will be 400 menBures ; and tliiB quanUty, 
■appUed in a giadaKil; diminiabing manner, in Aamufny with, tlit. qrodik- 
^dtKiauAit^reqiaremfnlftiflhe ^el, ia toimd»uStuAMA.Vi^OTat&^ 
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ignlficant) cna atone be obtained b; paaalDg tlirougb 
perTorntioDB in the door plate, as it does in the nt 
plans hercal'kr described. [Mr. Prideaux's own authc 
will boreal'ter be quoted in proof of the fallacy of the 
theory,] 

2ndly, As to " keeping the outer door of the fumaeei 
paratioely cool." Tliis is too unimportant a circi 
to require further notice. 

3rdly, Aa to paaainj; the air " through a aerii 
tiont, and its gahdwiBiott into minute jete ;' 
neceBBary to add, that it is a satisfactory illustratioii of 
principle of the Argand furnnce' and of the correct pi 
enforced iii every page of this treatise. Mr. Frideanx 
however, omitted to state that fact, or to disclaii 
or originality in this, the otdi/ unefal part of lii» patent, 
"the preventing of tmoke and economising the fuel." 

Impressed with the importance of the small-jet syiti 
Mr. Prideaui further adds : " An attempt !a often nwde to 
mitigate the amoko and imperfect comhustion, hy leamug 
the furnace door ajar for a certain period after the additioa 
of fresh fuel." To thia he correctly objects, on the ground 
that the air then " enters en maage," instead of " in tmaU 
jete." Numerous other illuBtrations might here be given «( 
to the efficiency of the "subdivision into minute jeli." Mr. 
Prideaus'a evidence in corroboration is, however, important, 
althougb it lays him open to the charge of asauming to be 
the inventor, or original patentee, of what liad long been ao 
well eBtablished.* 



* It in bere Kcarealy neoessary to Bay, tint LaU tliii plan, vith H 
deaaription ]ij tha patentee liimeelf, been bniugUt oat twi 
earlier, tbaA ia, befoie the expiration of the patent far the Areand fun 
it could not hare Etood the test of a jury, bo identical ie the applieatiaii H 
d«Beription : "The lerki of perfoiutioia, and the labdivUum of t&«4 
lejtii," being equally applicable to both patents, and Mnv^ 
It appropiinte tenna, the lery principle and mnde of applying tt 
|D(f faniace. In fact, the acounite demtiption giie« \>3 1) 
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Witb reference to the progressive rate of generation of 
the gas in a fumaoe, and the consequent demand for atmo-^ 
spheric air, the length of the flame (when the air is properly 
supplied) furnishes the best evidence. The following tabular 
view of the result of numerous accurate experiments, made 
many years back, and expressly to ascertain the rate of 
evchstion of the gases, throughout a charge of 40 minutes' 
duration, is conclusive : — 



TtmA 




f 


rbermonietric 


length of 


^ *™"' Temperature in Flueft. 


Fliuno in Feet. 


Chaiige made . . . 466 


10 


2 minates 






462 


14 


* » 






490 


18 


6 „ 






508 


22 


8 » 






618 


26 


10 „ 






524 


26 


12 „ 






528 


28 


H „ 






534 


28 


16 „ 






540 


28 


18 „ 






540 


28 


20 „ 






540 


26 


22 „ 






536 


24 


24 ,. 






524 


24 


26 „ 






508 


22 


28 „ 






494 


22 


30 „ 






486 


18 


32 „ 






476 


22 


34 „ 






468 


14 


86 „ 






464 


14 


88 „ 






460 


12 


*0 „ 






460 


10* 













Unaalf settled tke terms of the specification,) furnishes conclusive evidence 
of the identity of tke two plans. Dr. lire (Dictionary of Arts) observes: 
"The patent of 1839 consists in the introduction of the air tlirongh a 
«wi»r of small orifices, the operation of the air entering in small Jets 
iito the half-burned hydro-carburetted gases over the fires, is their perfect 
Qiyge&atioii.'' ''Agidn, one of the many methods in which Mr. Williams 
Iw carried out the principles of what he justly calls his Argand fwmact^ 
a xqneBented in the figure " (which he gives). " The box is perforated 
tHUm vji/h mwnd or oblong orifices,^' kc, " In some cases the fire-door 
inject^ with an intermediate spaoe, into which the air may be admitted, 
knf^Mlaied ^uoM/ifj^ tAroi^k a mortabU vaJve in Out door?^ 
*ne tbermometer bulb was here inserted iu the ^Tijt^ wh^kl «a\A y^q^^^ 
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^B VTe liero see, that so far &om the quantatj' of gas 
^^miog greatett at Jiral, and ceasbg when thechargi 
^^pdf exhdUBtcd, it is just tlio reverse. In fact, any one' 
lui observed the indications of the pyrometer in t1 
and has looked into a furnace in action, must haveol 
that, there being much moisture in the cool to be eraponfi 
I required a conaiderahle time before the full supply ofi 
) being generated, and the temperature in the fliM 
«l to the mniimuin. Further, that when the first hdl 
W charge was eihausted, the greatest quantity of g^ 
len momentarily evolved — the longest flame esiating " 
lie — and the highest temperature indicated by the 
leter; couaequently, the fullest supply of air was 
tquired. 
The following erperiment ia also in point here : Thi^ 
ide with a larger charge of coal, and during 60 o 
the bars being kept well covered), the object be 
jertain the relative quantity of each kind of gat 01 
nd thus form a guide to the quantity of air required, -- 
BTeral intervals, from the beginning to the end of a charp 
The observationa were taken from two sight- apertures : on 
i the back end of the boiler, and the other at the 
joking into the Bue,] When tho supply of carhi 
kjdrogen gas was nearly exhausted, the distinct flan 
heir two distinct colours and characteristics, might 
e distinguished. The following Table will present a visi 
f the relative quantities of the two gases (carbonic ad 
ad carbonic oxide, or coke gas) produced during 
jrogress 



J 



injury rising above 000° — the higheat nujgeweece being 510°— 
ths chtu'ga VBs half eipeuded. The Kbeoliita hes.t in the flue was, homrri 
ooDriderab!; higher, as aai^ectained by the melting points of a perin 
oioWliD alloys, prepareii by Sir llobart Kane, eapressly foe Uie pnijoi 
By theae, iiiiert«<l in tbe flue, it was found that tlie nbaolttte heat. % 
fit Ihe foot of Oie fHTintl, was ot least 700°. 
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Coal Gas. 


Coke Gas. 


Totallangthof 
Flame in feet 


Charge cf coal . • none . . , 


10 


. . . 10 


5 minutes . . 


• 


10 . . 


. none 


. . . 10 


10 „ 




• < 


14 . . 


. none 


. . . 14 


15 „ 




■ 


. 18 . . 


. none 


. . . 18 


20 „ 




• i 


. 22 . . 


. none 


. . . 22 


25 „ 




1 < 


. 22 . . 


. none 


. . . 22 


80 „ 




■ » 


18 . . 


. none . 


. . 18 


85 




» f 


14 . . , 


none . 


. . 14 


40 „ 




• I 


10 . . . 


4 


. . 14 


45 




• 


5 . . 


8 , 


. . . 13 


50 „ 




1 


. none . . . 


12 . 


. . 12 


55 




* 


. none . . . 


10 . 


. . 10 


60 




• 


. none . . . 


10 . 


. . 10 



Here column 4 may be taken as indicating the gross 
lantities of combustible gases evolved, and requiring a 
pply of air. In numerous other furnaces, in which the 
r was properly introduced, and the fuel properly covering 
le bars, the flame was seen during a large portion of an 
)Tir's charge, extending along the side flues from twenty to 
irty feet. The quantity of the coke gas will be in propor- 
3n to the thickness or body of the fuel, and its state of 
caudescence. 

With the view of accommodating the supply of fuel to 
16 demand for air, the best practical mode is the equalising 
*ihe quantitg of gas requiring such supply. This was done 
Fectually thirty years back, by arranging the furnaces so 
at each pair shall be connected with one common flue. 
Iiis arrangement, for alternate firing, adopted among 
hers in the steamer ^^ Boyal WUliam" (as hereafter 
own), is every way satisfactory. A similar arrangement 
a been introduced in Her Majesty's Steamers " Serines " 
^tfire/* and " Mrefly,^^ as described in Tredgold's work ; 
thing, however, is there shown as to the means for intro- 
eing the air, and, consequently, the value of this flue 
nmgement is lost. 
Hfe. 87, taken from Peclet's work, dio^^ «^ «mSiaa \jM5&fc 
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adopted in France, for equaLising the supply and demand of 
gas and air. It will be manifest that, assuming the faa^ 
naces to be charged alternately, the quantity of gas behind 
the bridge will be the mean of that generated in bott 
furnaces. 

Fig. 37. 



^ 



^e^ 





Another and a very effectual mode of equalising tHe 
supply of gas, and thus practically equalising the supply of 
air, is by charging the furnace-grate alternately, first an fh 
one side, and then on the other. Where the furnace is wide 
enough, this is very effective. 

The result of this inquiry into the policy of attempting, 
by mechanical means, to regulate the rate of supply of air to 
the gas during the continuance of each charge is, that it can 
be productive of no practical value ; and the more so, since, 
as observed by Mr. Parkes, that '' as a stream of either ear- 
duretted hydrogen, or carlonic oxide gas will, at times, be 
generated, and passing over, there must necessarily be a 
corresponding demand for air." 

In the report to the British Association, on this yeiy 

point, Mr. Houldsworth observes : " It has been geneiall; 

Bupposed, that 'when there was a -j^eiiectVj x«^ ^ix^ m the 

Azxuce, and when no smoke waa geneT«?&e3i, ^^^ ^tglyi^svs 
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ot cold air at tlie bridge would do harm instead of good, hf 
idncingthe temperature m the flues. He bad, bowever, 
ied tbe experiment that morning. After havinu the 
usages closed for some time, he bad opened them when. 
he coals in the iire were perfectly ciarred, and found an 
Sniinediate and decided increase of temperature in the fix 
he increasing temperature was certainly the moat striking', 
the air- passages were opened shortly after a large quantity 
fresh fuel had been put on ; but, at all times he found 
Kat an increase wlien the air wot admitted, and m 
when it teas excluded." 

icai proof of this kind at once puts an end to thft- 
of self-regulating TsJves. 



CHAPTER VI. 



MG spoken of the necessity of mechanical aid in pro- 

I a BufGciently rapid adoiixture of the air and the gas, 

: DOW to consider of the place best adapted foe 

■Dg this aid. 

jgttrds the carbon on the bars, it is manifest that na 

Eplace could be selected than directly from the ash-pit. 

phiB is not available for introducing the air to tha 

p product of the coal, has now to be considered. 

Igold contempLited introducing the entire supply of 

tough the ash-pit and bars, obBerving that, " the gas 

Edistils from the fresh fuel haying to pass over the red- 

Kranbers, through which the air in the ash-pit ascends, 

I will be inflamed." Here we have the old error, viz., sup- 

I pteing that passing the gas over red-hot fuel would effect ita 

Mnbustion. 

iepkn adopted by 3Ir, Pnrltes of introiacm^ "Jftft 
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[Mdorac • loBC inbenal, ^ri tr < 

Tbo ^mam of A» m A 

tof of tiMbn^vw, ba 

uontitvii tu tbe htfe fimtMM. witli qai 

bMfj durgw inddmial to tlie boQn 

It wu bIm liftblc to bo occaaioi 

ll»> stroDKcr curruut of healed prodocts 

tura^ in Uie i&me vaj u tbo ucent of at 

ebinuief i* obBtmrteii by a strong wind 

Kamoroas modificslionB of thia pim wen 

tho moat important of which will 

tho vieir of ciplaimng the seren 

tad which it is often aa intportan 



When the chemistry of combusti 

■ * in 1841, it was shown thit * 

! much RTroter thnu had 
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timury of Arta tmder the head of " Smoke Nuisance,"* was 
iiin,jt effectire when the draoght was sufficient for the 
donble supply of air, to the fuel in the bars, and the gas in 

* " Smeie Nuinmee. Among the Gft^ seTer&l inventions which Iiftve- 
been patented for effecting Uiia parpose, with regard to ateun-boUei and 
other laige fDnutcee, very few ore sufficiently econamic&l or effective. The 
fiiEt penan who iareatLgated thia subject in a ttnlf philosophical iniuraer 
waa Mr. Charles Wje Williams, managing dinctt>r of the Dnblin and 
Idnrpool Steam ITavigation Company, and he has also had the marit of 
eoBstracting manj furnaces, both for marine and laJid steam-engines, which 
fluntngtily pcefott the production of emoke, with increased energy of oom- 
bvataon, and a mors or less conaiderahle saving of fuel, accoidiog to the 
care of t^e stoker. The specific inTention, far which he obtained a patent 
la 1839, ooueists in the introdnction of a proper quantity of atmospheric 
^ to the bridges and fiome-beds cf the fnnaces through a great number of 




tmaU orifica, eonneeted with a common pipe or chhhI, iibMe u«b. •s.-B.'cft 
merease^ or diminiaherf, aeeording as the circranrtrawsBii lA wno,-^«4* wna- 
battioB maj reqmr^ bj means of an extern^ vaVve. "His o^Ti'iMsn. ^S. « 
tboBeBtenog in imall Jeit into the haU-buTned \ 
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the fiiniace chamber. The difference which attends its w^ 
plication was often considerable, and arose from the want d 

Offer the fives, a^id in tlu first fiue, U their perfect oxygenation — ih% dflfdi^ 
ment of all the heat which that can prodace, and the entire prerentMirf 
smoke. One of the many ingeniouB methods in which Mr. WiUiankM 
carried out tho principles of what he justly calls his Argand fnnuM^ k 
represented at fig. 38, where a is the ash-pit of a steam-boiler funafli; 
h is the mouth of a tube which admits the external air into the ^''v^^i 
or iron box of distribution e, placing immediately beyond the fize-bn4|i 
fff and before the diffusion, or mixing chamber/. The front box is^po;^ 
rated either with round or oUong orifices, as shown in the two saill 
figures e e beneath ; d is the fire-door, which may hare its fire-brick Inpi 
also perforated. In some cases the fire-door projects in front, and iii M 
well as the sides and arched top of the fire-place, are constructed of pflrfn 
rated fire-tiles, enclosed in common brickwork, with an intermediate spMi^ 
into which the air may be admitted in regulated quantity through a mm. 
able yalye in the door. I have seen a fire-place of this latter oonstnulMi 
performing admirably, without smoke, with an economy of one-serentk d 
the coals formerly consumed in producing a like amount of steam from as 
ordinary furnace. Very ample evidence was presented, in a late session, to 
the Smoke Prevention Committee of the House of Commons (July 1848) of 
the successful application of Mr. Williams's patent invention to mi^j 
furnaces of the largest dimensions, more especially by Mr. Henry HooUs- 
worth, of Manchester, who, mounting in the first fine a pyrometrioal rod, 
which acted on an external dial-index, succeeded in observing every varift- 
tion of temperature produced by varj-ing the introduction of the air-jeti 
into the mass of ignited gases passing out of the furnace. He thereby do* 
monstrated that 20 per cent, more heat could be easily obtained from tk 
fuel when Mr. Williams's plan was in operation, than when the firs 
left to bum in the usual way, and with the production of the 
volumes of smoke. It is to he hoped thai a law will be enacted in tkeprt' 
sent session of Parliament, for the suppi-esslon, or at least abaiemeut, 
of this nuisance, which so greatly disfigures and pollutes many parts of 
London, as well as all our manufacturing towns, while it acts injuriously 
on animal and vegetable life. Much praise is due to Mr. Williama fiff bit 
indefiitigable and disinterested labours in this difficult enterprise, and for 
his forbearance imder much unmerited obloquy from narrow-minded pregn- 
dioe and indocile ignorance.'' 
li is here worthy of notice, that aV^hougJi t\ie «.\y^^« was written aod 
publisbed by J)r, Ure so many yeara back, \t \a "no^ o^l \ik.\^^^ V^c^'^u. 
luuaent bare interpoaed in the maimer tViet© sn^gsps^ft^. 
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j^t, or from the perverse adherence to tiie old and Inzy 

d of eliarging the front half of the funiacea heavily, 

a the doora, while leaving much of the bridge eod but 

f covered, as hereafter will be shown. Such a mode of 

lug the furnaces necessarily caused an irregular cora- 

of the fuel, and a consequent excessive admission of I 

interacting all efl'ects at appropriating separate sup- I 

|to the coke and the gas. 

introducing of the air to land boilers, in numerous ] 
I or divided portions, was first practically adopted ii 
I at numerous furnaces in Manchester, and at the I 
pirorks in Liverpool, and at the stationary engine I 
. Liverpool and Manchester Eailway, under 
ion of the engineer, Mr. John Dewrance. That at the i 
■fca, with a shaft of 150 feet high, had previously I 
1 intolerable nuisance ; both, however, bavo since 
unnoticed and forgotten, even by the authorfties 
Jerpool, apparently from the mere circumstance of the 
e having been effectually abated, and attention being 
)ger drawn to it. 

h reference to ihe ylace for the admission of the air, 
i stated, advisedly and after much experience, that .{ 
H mailer ofperfeal indifference as to effect, in what part ] 
'f furnace or fiue it is introduced, provided this all- I 
rtont condition, ha attended to, nmiiely, tliat the meeha- 
wl mixlure of ihe air and ga» lie continuously effected, 
\£efbre the temperature of the carbon of the gas (then, in the i 
ttate of flame) le reduced below that of ignition. This tem- 
, perature, according to Sir Humphry Davy, should not be . 
I under 800° Fahr,, since, below that, flame cauuot be pro- 
duced OP sustained. This, in fact, is the basis of protectioi 
. in the Miner's Safety-Lamp. In practice, the air has been , 
introduced at ailparU of the furnace, and with equally good ' 
. effect. Its admission througb a plate distributoc, &t tW 
back of the bridge and at the door end, effec'tei *& 'Ooa' 
eould be desired. 
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The adoption during tlie laet few years ^4 
tgttfm in marine boilers, ia now to be noticed, ii 
it rendered a ditt'iTcut armugement absolutely ne 

The ohiof tharacteristic of tbe tubular boiler il 
nets of the dislancx, or run, between the furnai 
tubes. The rRsult, is, tlio impOBsibility of efi 
triple duty of generating the gas, niising it. w 
and completing tlie combuatian within tkejaafa 
fraction of a aeeond of time, which are thexe kts 
obtain the desired effect the air was then introdi 
door end of the furnace ; tliue, as it were, adding 
of the furnace to the length of the run. 

The main object being the introducing of t 
dirided state to tbo gnaeous atmosphere of ii 
chamber, the following esperiment was made ; ' 
blip of a boiler, four feet long, was taken out, at 
vacant space ao iron plate was introduced, bent i 

Here, the upper portion of the bent plate, 



PJg. 39. 




three inches above the fuel, waa punched with t 
half-inch holes, through w\uc\i the lar muei. m 
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te mixture woa thus instaiitly obtained, as in 
gas-Wrner ; tbe appearnnce as viewed tlirough t^e 

les at the end of the boilera, being eren bri]- 
d as if ttreatne of flame, instead of ttreamt of air, had 
rom the numerous orifices. It ia needless to add, 
ffhere could a cooling effect be produced, notwith- 

the great volume of air bo introduced, 
lectional view of the furnace, looked at from behind, 
ig. 40, represents the chtimcter and dilfuaire actioa 
ame. 

led to the enlarging of F'g- *0. 

isend of the fumates 
Jy to admit the re- 
amber of apertures 
supply of air ; an 
ent which has been 
in aucceesful opera- 
in marine and land 

Ctice, the great diffi- 
in adapting the plan 
B boilera, the door- 
which are made so 
1 as to render it 
B to introduce the 
QumbeT of half-inch orifices, as hereafter will bs 

examiniog the respectire merits of the plans here 
0, it will be advisable to notice one of the cauBOt 
^ment, and from which many, though sound in 
'Vere rendered ineEGcient in practice. 
king into the flues of land boilera, through suit- 
id sight-holes, when the furnace is in full actios, 
NbrilUant sparks may be acco, carried through the 
u great rapidity, to the distance of ten to twenty 
^^AMTiutainous character is loat, b 




92 THE C01CBU8TI0K OF COAL 

deposited in the tubes, or flues, or whereyer eddies 
formed. These sparks consist, chiefly, of partides of 
in a state of fusion. When these do not thus separate 
the coal, they fall on the bars, and, combining with 
ashes, form clinkers. These particles of sand, flying off at] 
a high temperature, adhere to whatever they touch; 
with the dust, and small particles of cinders or coke, 
onward by the current, fill up the orifices in the 
butor boxes, and, if not removed, prevent the passage of 1 
required quantity of air* 

It is now proposed to give instances of such of the 
of constructing furnaces as have been hitherto adopted, 
which illustrate any principle, or peculiar mode of actk)%j 
worthy of notice. 



CHAPTEE VII. 

OF VAEIOUS PUBNAOB AEEAKGEMENTS, WITH 
OBSERVATIONS THEBE019'. 

The following remarks on the peculiarities of the semi 
plans of furnaces here shown, are the results of practial 
observations extended over a series of years, and may hm 
be useful, as indicating what should be avoided, as well m 
provided, respecting the admission of air : — 

Eig. 41 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1839 ; introducing tbe 
air in numerous jets. This was applicable to land boikn^ 
where ample space was afibrded for the perforated tobeii 
made of fire-clay, or cast-iron ; and was first adopted at die 
water-works in Liverpool. In this application the inooii' 
vanience arising from the sand and oO[i«t i&sk^eci^ mta 
laeandescent state, adhering to, aad c\o«Kn%>^« 
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mbl& 3%e plan, &■ tixaij noticed (&om Dr. tTn'a 
aiy), ma then •nfaatituted, and has continued erer 
i actiTe operation at those works. 
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Eig. 42 represents the ordinaiy marine fioonace. 9 
yision whaterer is here made for the admifwian 
except from the ash-pit, and through the bars, and i 
them. It is needless to add, that, fr^m the absence 
to the gas, a large volume of smoke must here nec< 
be produced. 

¥\g, 42. 




Kg. 43. Parkes' Split Bridge. This plan, pate: 
1820, was effective when the consumption of coal i 
generation of gas were small and uniform; or wl 
iumace was large, and heavilj charged, to last foi 

Fig. 43. 




eight hours, with slow combustion. The generation 
gas being uniform, and the demand for air moden 
supply through the narrow orifice in the bridge wi 
dent. This plan has formed the basis of several r 
Uans; the Patentees eitbe*" ■'^•niR «mc^ qH V^ 
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Pwledgmg ike source of the effect for which they took 
Fig. 44. 



iC 




Pig. 44. This adaptation of the split bridge in marine 
3rs was early made, by the then Engineer of the Dublin 
Company, to avoid the collection of ashes in the 
rer shelf of the air-orifice, by which the passage of 
air was obstructed. The furnaces being charged at 
intervals, and the combustion rapid, the supply of air 
insufficient. The aperture at the top of the bridge was 
to be choked with ashes and small coals, occasionally 



)wn over. 



Fig. 45. 




Fig. 45. This change was not found effective. The 
iBCond opening for the admission of air, at the end of the 
(, mm quite irregular in its action. '\ It was also found to 
• vk66 the action in the split bridge \ ^<b ^ \it^ 
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ferring, at oertaia states of the fuel, to ent 
■pace at the end of the ban, as the neare 
eonrse, whenever that phice was uncovered. 

Fig. 46. 




Fig. 40. This was adopted in a steamer of larg 
and was intended to remedy the evil as stated in 
flgore. The aperture being made larger, the air 
too much in a mass, and produced a cooling effec 
much fuel was also wasted by falling through in 
ash-pit. This was subsequently altered to the plan 
after shown in Fig. 51 ; the bars being reduced from 
6 inches, to 6 feet, and with good effect. 

Fig. 47. 




% 47. This arrangement remedied that of the 

% by saving the fuel thrown to the end ; and i 

on the small supplemental grate, was there 

In practice, howeret, it ntft ^Ma cAMQn% 
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Mating fltewD, and in^;ular in its action^ and was rery 
ifaractiTe of the bars. 

Fig. 48. 







^g. 48. This plan, adopted in 1840, was one of the first 
>lied to marine boilers, on the principle of the Argand 
nace, by which the air was made to enter in divided 
eamsy through the apertures in an eight-inch tube, from 
und the boUer. This plan was fully effective so long as 
) perforations in the tube remained open. The small 
Gees, each but a quarter of an inch, howeyer, becoming 
^ered, and closed by the sand and ashes, the supply of air 
s consequently diminished, and the tube became heated 
I destroyed. 

Fig. 49. 




Sg. 49. This plan, adopted in the steamer, the " Leeds,** 
\ yesrj effective bo long as the inclined if\a,t^ wA V«^ 
"w onSces remahxed perfect. Aa, Tao^wet^ \t As^i 
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became clogged, or covered with coal, thrown 
charging, it warped, and became injured. 

Fig. 50. 




Fig. 60. This alteration was made in the sar 
counteract the evil above-mentioned. The 
shortened from 6 feet to 4 feet G inches. 1 
here introduced through a plate pierced wit 
holes. This was quite successful : ignition a 
tion were complete ; no smoke formed, and the 
combustion of fuel was considerable. The bo 
set in the bridge, was too small, and tlierefo: 
become filled by the ashes carried in by the c 
the ash-pit; and the stokers neglecting to ke 
apertures free, there was no dependence on i 

Fig. 51. 




Fig. 51, Tina, ^co^gQiuoxit^ iibidaL xeisi^^^^ 
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was adopted in the steamer, the " PrincetB," aai 

" Oriental" and " Hindostan'' cmploveJ in the 

a the Mediterraneaa. Perfect combustion of 

) efiectcd, and, consequentiv, no formation of 

ISces or^here removed from tha 

jet action of the heat, or the liability to be choked. 

regulating ral™, originally placed on the aperturea^ 

regulate the snpply, was, after a little experience,! 

I to be uonecessary, and was removed. This plan 

some, practically, the most effective, and, during tho 

I years, has been adopted in numerous marine and 

The coat of the air-box waa under forty- 
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tube kid oQ tlie bottom of the uti-pit, to aroid the 
of duBt, and to ciiable the air to enter in a coolerl 
This was found ellective as regarded combustion, bat,l 
still exposed to the aand, dust, uud heat, as alresdyl 
tioned, was subscqueutlv altered to thnt of Fig. 51. i 
Fig. 03. This was a tubular boiler, and is here shoii 
it came from the maker iu 1846. It was quite i 
giving much emoke, the tubes also being liable to injui 
the shortiieBS of the run. The air-box in the bridge I 
soon filled with dust and ashes, oa here shown. The g 
bar being 6 feet 10 inches long, the flame i 
reached the tubes, doing much injury to the lowu t 
This was altered, as shown iii Fig. 54. 



Fig. fi4. 




;. 54. This ia the same boiler, the furnace alteral 

fcing attended with considerable advantage. The bara n 

Tortened from 6 feet 10 inches, to 5 feet 3 inches. '. 

Ifect of the short run, and the limited time for combusta 

tdent to tubular boilera, was, however, irremediable. 5 

a the length of the bars alluded to, reduced ' 

sumption of coal considerably ; smoke was, to a cert 

fcnt, avoided, and the amount of steam increased. Ini 

\r there were 205 tubes of 2|-inch area. Engines J 

M-pOWBT. 




ig. 55. Thia was a large steamer of 330 horse-power, 
I tubular boilers. Tiie plan of furnace here ahown 
esentii it as it came from tlie maker. Three lengths o 
, 2 feet 8 inchee each, JilUd tie entire spaee, leaving no 
1 for the admiasioii of air to the gas. The consequence 
a great consumption of fuel ; a great generation of 
n; and much inconvenience tmd espense, from the 
ruction of the tubes and face-plate. 

I Fig. 56. 

S. Thia ia the same bailer. The bars having 
rtened, the air-boi was introduced into the bridge. 
^'titatanding the erila of the short run, ftie lAiaa^Vsta 
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mode was aatiBfactoiy. The impoztance of ke^ng 
air-passage free from obBtractioD was ^mnpUfied in 
case. The air-box waa iutrodaoed in the {tfier-hmler, 1m 
Hie fore-boiler as ahown ia Fig. B5. During the TOfag 
which 90 tons 18 cwt. of coal were used in the latter, 
81 tons 15 cnt. were used in the former. The en^ 
reported, that "when the gases are properly conmuned 
best effect is produced ; good steam is obtained and lest 
used." 




I raMrmtnotc or bmdeb. 



lOB 



'. This bailee also wu tabnlar, 17 feet 2 inehei 
□ginefi 870 horse-power. It is hen shown as i1 
a the maker. The grate-bars 9 feet ; dead phrte fi 
The tae& for the admiesion of the air was quite in- 
to the introduction of the necesaary quantity. 
;r was then altered aa in Fig. 58. 




>8. This is the same large steamer as in las 
the air-box being introduced, \ato ^^ \!M%< 



IM 
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the result was a considerable diminutioii in the fbel 

a better command of ateam, and freedom firom the nnui 

of Bmoke. 

Fig. 59. 




Fig. 59. This tubular boiler is here shown as it camel 
the maker ; grate-bars 9 feet 8 inches long, with dead-j 
12 inches. No means for admission of the air to the 
In this boiler the run to the end of the tubes being so al 
the generation of steam depended, almost exclusively, on 
large grate-surface from ten Airnaces. The consump 
of coal was yerj great, and the smoke yery dense. From 
shortness of the boiler there was necessarily but little r 
for improyement. It was altered as shown in next plan 



Fig.. 60. 




^f AMD THE PREVENTION OF BMOEE. 105 

i'ig. 60. The same boiler, altered as here described, allow- 

the air to enter by a perforaled plate. The iaherent 

acts of the short boiler, and short run, prevented the 

ptg much advantage in thia case. 




IlKg. 61, Tliia plan ia here introduced as sliowing the pne- 
(sl error of supposing that the gases could be eoaHUmed 
r eansiug them to pass through incandescent fuel. The 
H^ this plan is to conrert the gas into car&oivic OBioEe \ 
^Bfe^ from being iariaiblej created t^e im'^Tei&%vaQ,'Oud« ' 
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1 



the "tmoke was burned." It ia needlesB h 
chemical error of euch an aseertioii. The faUacj 
iug that either gas or smoke, from a fdmace, c 
fliimed by passing "through, over, or amony" 
iocau descent fuel, as already aliovru, prevai]ei 
days of Watt to the present. Numerous paten 
the eame effect, might here be given, all \ 
da&ot, and equally ineffective. 




Fig. 62. This was one of the numerous hot-aii 
preeeed upon public notice, under the illusion, tl 
ing the air, " the smoke would he hwmsd." A h 
flpe-bar. A, wna placed iu the centre, or aides of i 
with a regulating door for the admission of thi 
Admiralty having been induced to allow thia 
adopted in the Steam Packet, the " Tfrgent" at 
the result was a total failure, and its consequen 
The supposed heating of the air being a mer 
made for the purpose of giving an appearance 
having been wholly without eifect, the result ■ 
reduced the so-called patent invention to that 

• The"frjan^i" Captain Emerann, being then engaged int 
it liTerpool, this Eteamor eanie nnder mj notice. Forthe pn: 
Bie effects of tliij bollDV-bar, I hud an experiment made t 
extent to which the air niig!it be besl«d, and found no pewi 
of heat could te aUaiued by it. 
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Split Bridge, irith all ita disadruitBgea when qiplied to 
UArine-boilen and ]aiga fumoceB- 




Fig. 63. Thia waa another modification of the Split Bridge 
plan. Mr. West, in his published Seport, on the methods 
mbmitted to the Public Meeting at Leeda, in 1842, described 
tins in the following terma : " It coneiata of a regulating 
valve, by which air is admitted into a passage through the 
bridge (the aplit bridge of Parkea' expired patent,) for four 
hours after first firing. By thia time the coal is coked, and 
the ralve shut the remaiader of the day." It ia manifest 
there is nothing in this plan beyond the split bridge, accom- 
panied with the mode of firing and alow continuous comhus- 
ticm applicable to it. 
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Fig. 64. This ia but nnother modiGcation of the split 
bridge, though annoimced as a plan for heating the air, by it» e 
paeeage through a body of hot brick-work. Thia phm, M.' 
( feclet obserrea, was adopted in France, but abandoned. 
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Fig. Go. M. Peclet gives this as one of Chanter's 
tents, wiiicli was also tried and abandoned in France. 
j|.«ill be seen that this ia but a modification of tiie former 

This ia another of the so-called hot-air plans, 

Igh it ia nothing but the split bridge with a supply 

1 grate, as adopted by Chanter and others, Tha 

B professes to have tiie air " intenaelt/ heated," by the 

il of scoria, or cicders, which fall oil the eupplemental 

This plan being much pressed on public attention, 

3 inflated description is here given, than 

I nothing can be more erroneous in a chemical point 

r more unwarranted in practical effect.* 

r. 67, page 110, This is another of tlie liot-air plana, 

[1 Mr. West's Summarf . The air is here supposed 

^eated by passing through the vertical tubes a, placed 

I flue, and thence through the paassge h, entering the 

e hy a single orifice, c. It is only necessary to observe, 

; would be impossible that one-fourth port of the 

\ quantity of air could there obtain access, unless hj 

It will be seen that the iniention oonHistB \n the coinbioatioa of two 
f fixed firo-barB, the firet of whieli is chiefly fed bj tha tmria and 
tdtrt voided from the second ur upper set of fire-bata, nith a calor^ 
t, the face of which maj be protected bj a few fire-bricks ; by whidi' 
IBigemeat, the cnrrcDt of air entering at the !o\vcr part of the fnruaoB, 
M tlavugk iwa tfrala ofjii-e, and theitCB betneen the calorifie platfi Bod. 
jf Isridge, and is thnH lO intensely heated as coMiavouali/ lo proditee the 
t (KmtluaiHjn (ff the ga»caui prodtids o/ the fuel, and to prevent tha 
7 formation of amoke. Il is, in effect, a double furnace, confined tOi 
K limita of, and ecDnomiOLlly applicable to anj common description ofi 
LS all the advantages of a hot blati vrithout iKe coat of any pne»- 
ie i^parattu ; is so contrWed us unifDrml; to diatritinte and keep up 
teixquisite heat in boilers of wliaiever form; and, whilst mogt e&ectu- 
1 1^1! preventing the annoyance of siuukc, and the uaual deposit of eoot ia ths 
n average saving of at least 20 per cent. In the quantity dE< 
imed, and also adinita the enbetitatiDD of the cheapest for tlial flC 
■.^iMlitf, and of small instead of large coals, as EarUiei; te,ea;ni ql 
K oi dODBumption." i 
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I «o enlarging the orifice as to produce n cooling effwt, bjfi 
a eaUnag en 9iuuse. Mr. West states, that tbe Patert 




" claima the right of using hot air for tlio purpose of 
Sliming Bmoke, in whatever manner the air mny be heai 
Tbia claim, it may safely be stated, none will be diapoai 
dSsputi 



OF SUOEB. 

ms strnnge that these numerous advocates for ti 
iot air, in ordinarv boiler furnacea hive given no 
aon aa to the degree of beat which they would give 
lor the mean'i by wl leh this heat would be 
3 to it. Thev have madt. no expemnent to test 
neither have thev given auv gr unds for supponog 
1 h at d w(, 1 1 b r ft i.tne 
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PigB. 68 & 69, t)p 111, 113 Tliia plan, ts in Fig C 
I the Bectional view, 69, is nlso toktn from Mr WeBt'a j 
I mary, and is here introduced with the vie 
L pointing to the hot air, and " e moke- burning" fallacy.) 
I following is the description given hy Mr, "West: 
J smoke, after having paaaed along tlie flues marked] 
t intended to be caught hj Llia r.iu \\,\jdoTc 



r 

Umper C 
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mper G, auJ, along with a sufficient quantity of atmos- 
pberic air, ia propelled aloug the return flue I, into the 
Bndoeed ash-pit K, where ib ia again forced through the 
Bre-grate C," It is not Decesaary to add any comment on 
irhat IB Eo wholly opposed to ehemiatry and nature. 

The plans of Brunton's revolving grate, Jiikeis moving 
luis, or Stanley's self-feeding apparafcua, need not here be 
deBcribed.* There ia in theae no pretension beyond what 
they can perform ; each acta the part intended, and, 
wherever there ia room for their introduction, and that 
the uniform amount of heat produced by theae means, talla 
in with the requirements of the steam engine, and the 
manufacturer, theae will answer the desired purpose. 

We must here observe that theae plana are inapplicable 
lo marine furnaces, or where large quantities of steam, and 
active and irregular firing are required. 

The simple operation in theae ia, the keeping continuously 
» tUn stratum of fuel on ilie lars, and, consequently, an 
abundant supply, and even an exceaa of air, tlirough it, to 
the gaaes generated in small quantities over every part of 
"the fuel. NeitJier must we be led to suppose, that they 
(ffect a more economical uae of the fuel. 

In an inquiry on the subject at the Society of Arta, much 
■tress was laid on the annual saving by the uae of the 
moving bars, at a large eatabhshment in London. It 
ippesred, however, that the saving arose, not from any 
more economic use of the fuel, or the generation of more 
heat, or by a more perfect combustion, but merely from the 
lareumstance, that the mode of feeding the furnace, and 
keeping continuously a thin stratum of fuel on the grate, 
enabled the proprietor to use an inferior description of coal. 

' Sbuky's apparatus VEis e&rly applied on board tie Dullln Steam 
ftmpanj'a vessel, the "LiverpoiA." Indcpencleiit uf ita ineonvenieDt bnlfc, 
,il»»s wholly defective, when applied to large [urnncea, tei^ijiwjmt'iiaiaa*. 
tfflJTO &nii^ and tie irreg-nLir deiniind for (.tKiim \iic\4Ka\aV X» laitis* 
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In the case of boilei-a already conatructed, it may bt 
asked liow tliey should be altered ho aa to admit tho 
required supply of air. In land boilers, ■where the i'uniac* 
doore ore set iu brick, they may easily he enlarged, and at& 
Hinail coat, to allow space for the requisite number of 
Oriflcea, the aggregate area of wliieb should average five to 
ail square inches for each square foot of grate-bar furnacti 
according to the description of fuel. 

In marine boilej-s, however, the enlargement of the doSt 
end is troublesome. Where sufficient space cannot 
I ebtained, it will be advisable, in addition to aa many 
[inch orifices aa can be inserted in the back plate of' 
Idoae door bos, or in the neighbourhood of the door, to 
1 the ordinary perforated air-plate, aa already «1 
ig. 51. 'Ihia was the mode successfully adopted, inl 
cesent year, iu tho mail steara-packet, the " Zlewal 
era being new, and the maker not having al 
Kapace BufScient for door-frame plates of the required: 
e deficiency was supplied through the ordinary perfa 
a the bridge. 

■ The boilera previously in this vessel were remarkable &S 
1 continuous volume of dense smoke : the new boilait 
fcdependently of the absence of smoke, supplies more steu 
BS consumption of coal. The contrast between thl 
3S of conatructing furniwes, is well exemplified n 
^e following extract from the report of Mr. Joseph Chirkfli 
3 Engineer of the Dublin Company, to ivbom this 



"The HoljhKMl mail steiim packet, ' Lleicellpi,' basing now be 

■^rork three montbB with new boilers, 1 have to tranBmit yon the nsi 

It perfonnonccE, This vessel Iins two boilers ; one before, aud the 

ft tlto engines. Their construction are preciael j the same ; each hi 

is fiimacea. Both have all their funuwe fittiLga eiaetlj tho aftma. 

it the imoke-pTSTeiition principlo in contrast with tlie rrHtXi 
odt; tbB Jbre beiler "wis allowed to Tomiuaas it came from the mU 
Vie the afief ant had the dooT frames dE e&^ a! &q fnnisii^ (^Ui^ i 
~9 vnth box montli pieoeB) perfoitAel ■wi.fti 1-*''* ^'iw^ (axSi \^ 
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Kg. 70. 




Fig. 71. 




In illustration of the alteration which should be made in 
marine boilers, Pig. 70 represents the usual mode of con- 

iameter, to admit tlie air. These not being sufficient, the perforated 
plate behind the bridge was added, in which there were 321 holes— in all, 
470 holes ; the gross area of which is equal to about 6 square inches for 
ach square foot of fire grate. The result is, that the fore boiler gives out 
(Continuous volume of dense smoke, and the after one none whatever. It 
8 quite remarkable to see the steam blowing oif from both boilers, and 
moke only fi'om one. I know nothing that could be toore demonstrative 
fa principle than the contrast between the two boilers in this vessel. It 
ttracted the attention of the passengers, and I resolved, therefore, on 
laving the two sets of furnaces as they are for some time longer, to afford 
18 public the opportunity of seeing that smoke prevention is practicable, 
fhen the vessel can be spared, it is my intention to make the furnaces of 
Hi boilers alike." 
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tractiug the door end to the mere size of the door framOtt 
at a. Fig. 71 represents the mode of enlarging the ope 
both at the Bidee and above the doorway at £, to ■ 
l«f the introduction of a sufficient number of 1 




opertareB, ns flhown in Tig. 72. It w \ieia worthy o* 
note, that AS the ordinary mode ot coTH.toJrit«i% ■(>&& is»« " 
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r^ine boilers ia difficult and expensive, as sbown in 
mode shown ia Fig. 71 ia so much more simple 
all the outlay for the air boxes shown in the 



represents one of the modes adopted where the 
i been originally comtrucied to admit the required 
f orifices. This has beeo in successful operation 
years, and without requiring any repairs. In this 
pill be seen that air boxes are introduced at the 
K above the doors. The air entering to the upper 
Limd to the side boxes at h Ji. (The left represent' 

Eaide, and the right an inside view of the orifices.) 
tre is a sliding plate P, by which, alternately, the 
!t hand upper orifices may be closed, when either 
Bre about to be cliarged, 
stress has been laid 
femen, it is important to 
Baiet. The annezed Hgun 
iffect between the right and the wrong 
tt furnace. 



the value of having 
iw in what their real 
plain the differ- 
of 




represents the proper mode of keeping a uniform 
coal on the grate-bars ; — the result of which will 

generation of gas throughout the charge, l^^B 
temji'erature in the Eiies. ^^| 



,Ki7?ai ■ 



Fig. 73a representa the ordinary modf of feeding 
furnaces : charging the front half as high, and as near tl 
door, aa poBsible, leaving the bridge end comparatiicly bsH 
The result neccaaarily is, that more air obtains i 
through the uncovered bars than could bo required ; 
defeating all efforts at introducing the proper q 
the proper manner. 

One important advantage arieiug from the control aim 
quantity of air ia, that it enables the engineer to shoil 
the length of the grate by bricking over the after end of » 
bars, seeing that an unnecessary length merely gives tf 
meana of letting an improper supply of (ur pass in tl 
the uncovered bars. 

The facility with which the stoker is enabled to com 
the best arrangements, naturally suggests the advantage o£ 
mechanical feeders. Here ia a, direction in which mechanici 
ekiU may uaefully be employed :■ — -the basis of sucoess, hM 
ever, should be the sustaining at all times the uoiform Q 
sufficient depth of fuel on tlie bars. 

Although the combustion of the gaaea in loc 
boilers does not come within the scope of these i 
the peculiarities of the boiler, as shown in Fig. 74, a 
illustrative of the principle of admitting the air throaj 
numerous orifices, that it liere merite attention. 
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'4. Thia plan of boOer ia the invention of Mr* 
when Engineep to the Liverpool and Manchester 




y Company, and waa adopted in their locomotive, the 
r." By thia arrangement he was enabled to use ooal 
o£ coke, and with entire eucceaa. 1^ ■wffi. Vata "^ 
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seen tUat the air euteTS from a separate passage to 
of Tertical perforated tubes, &om nlticli it passes to tU 
ilia large misin<; or combustion chamber, through Duni 
small orifices. The result is, immediate diffusion anj 
bufltion. The deflecting plate, to a certain eitent, cO) 
ftcts the short ruu, or distance to the tubes.* 

la concluding these observations on the various 
introducing air to the furnaces, it is only necessary 
that hy attention to what is here stated, manufafl 
may become independent of " Hmolce-buming' 
All they have to do is, to imitate, as near as posd) 
principle of tho common At^nd gas burner. Lol 
introduce lie air hi/ numerotn umall orifieet to th» 
the furnace, aa the gat is iatroditced hi/ small or^en 
mr in the burner. They vrant no aid from any 
Let them begin by having as many half, or even 
quarter, inch orificGa, with inch spaces, drilled in thi 
and door frame, as possible. If the furnace be 
the door-plate frame is not sufllcient for the introdud 
the required number of holes, let them introduce 4i| 
forated plate in the bridge, as shown in Fig, 51, 
described by Dr. Ure in his Dictionary of Arts, last 
title, " Smoke Nuisance." 
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CHAPTER Vlir. 



this heai!, marine 1j oiler- makers eouCeut theraselveB 
calculating the grosa internal superficies ; and having 
led IV given number of square yai'ds, of ao called heating 
ie, they cousider they have done all that is necesaar^ 
:OTiding a,u adequate supply of steam. J 

ie might be sufBcient, were tbere any ground for ' 
ling that a square yard of surface poaaessed a given ' 
irative power. Nothiog, howeverj can he more vague, 
practically, more deceptive, than the supposed heat- 
tciog value of a square foot of grate-bar, or the heafc- 
imitting power of a square yard of internal surface, 

being, momentarily, subject to numerous influences 
ected with time, temperature, current, and position ; 
the ever-varying admission and action of the air. 
i: present, practice and theoiy are utterly at variance on i 
matter. Talie, for instance, the separate surfaces of the I 
Iws and tubes of a locomotive boiler, a square yard of 1 
latter baving but one-third tbo evaporative effect of one 
lie former. Indeed, many instances might be given of I 
evaporative effect being increased by tbe removal of 
y entire tiers of tubes, and even by a large diminution 
je gross area of surface. 

s to general efficiency, the Jliie system is capable of I 
plying all that can bo required, while ifc is free from tho \ 
ptliea incidental to the multi-tubular plan. Wben | 
j^buantitiea of steam are required for larger engines, I 
^B** (test obtained, not by additionti tve^a o^ \.\iiaeaJ 
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but by extending the areas and length uf run 
increasing tbe number of uuita of time, dUtance, imd 
along which tbe beat-tranBtnitting influence may bo i 
It is a mistake, tben, to auppoae that the mere providii 
large aggregate qf gwj'aee can. compenaate for 
the run, or the want of sufScient tinw. The beated prodt 
wijl not, and cannot he forced inatantaneouBly to 
themBelvea over tbe aijgregate of surface that may 
been provided. 

► Among tbe influences which afl'ect ihe trauamii _ 

of any given aurface, none are greater than tbfl 

dUjofilu current through the flues. The products (rf 

ubnBtion beiog at a higii temperature, ore found to 

\0 nearest, hottest, or skortest course to tho funnel, — enteritf 

t Jowwt tier of tubes first, — regardless of whatever surfiiMf 

^ have been elsewhere provided; in fact, passing thtongfc 

B limited number of their ranges. 

^'It ia an error then to suppose, that by presenting adS> 

mal terieg of tithes, we can compel the gaseous productil 

■ying to the funnel, to occupy them, or go out of tlieit 

, to take tJie course we may please to dictate. Wift 

tual consistency might we expect that the rapid course « 

j^ver stream would be eased hy providing additional eur&et 

djoining district; but through which the direotiot 

If tbe current would uot lead it. Lineal distance, or lengB 

If run, along which the heated products pass, is tbe mrtt 

ilD'portant, though the most neglected, element in the calott" 

ition of surface, 

li Among the modes of providing adequate internal KurfMflr 
Hae have led to greater errors than tlie endeavour to mat* 
jailer and shorter boilers do the duty of larger ones, nol 
ipply steam for larger engines, by the adoption of the 
nlti-tubular system. The result has been, a leas perfert 
mbustion; a larger development of opaque smoke, 
gTsater waate o£ fuel and beat-, an.i a, -nn 
applieidion of it. Wbete mcreaaei 'pQ'Mct 'waa 
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H 4 larger supply of steam was required, instead of pro- 
diag a correaponding enlargement of the boilers, engineers 
we incoti8iderat«Iy adopted the locomotive tubuhr principle, 
a^arently for no other reason than that it was smaller, but 
ii^Dut considering the irreeoticileable differences in the 
pro services, and the peculiarities incident to each. Not 
nding that the enlarged aggregate internal tubular aurfaee 
soduced the expected increased quantity of steam, they 
nA recourse to the other alternative — the enlarging the 
reoi of the Jofitaeeg, and ina-eann// their number — the 
leneratioa of the steam almost exclusively depending on 
he plate surface in connection with them. 
. The adoption of the tubular system in marine boilera 
fas also accompanied by this anomalous proceeding; that 
rhOe the areas of the fornaccB and grate-bara were enlarged, 
lore fuel necessarily consumed, and more gas generated, 
leverthelesa, the time and distance allowed for the trans- 
niaaion and absorption of the increased quantity of heat 
;enerated, were hotk actually diminished. 

It is clear, tlierefore, that in these arrangements all the 
equirements of nature were disregarded. All merged in 
he one consideration, — the diminishing the size of the 
loiler, iooreasing the area of the furnaces, and providing a 
twger aggregate internal surface by the tubular syatem. 
^B question, indeed, seems never to have been raised, 
fhether that additional surface was ever, or to what esteat, 
irought into action.* 

■ ITndor tbe liead of " Wiiiit of general iirlncaplea in the oonsbraotioB uf ■, 
laiine boilera," Dr. Lordnec juatiy otBerreB, "thare cannot be a mort 
bnkmg [iroof o! ihe ignorance of geneml principlea whick prevails re9]lect' 
ig this bnmeh of Bteam eHginesriag, than the eniHeea Taiiety of forms Oni 
roportioaa wlilcli ara adopted la (lie boilers and fumacGs which ore ena- 
tincted, not only bj different engineera, but by tts Bame eoginBera, for 
teftmerB of like power and capacity, and even for the aame eteauii 
afferent tames." lie than adds, "The original boilers of ths Oreat. 
Vateru bnilt ftr tJie New Yorfc and Brialol 7i)3tts«, WM tA flw Jim* i^itV, 
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Ab to the importance of time and distance, in comi< 
with surface, it is onlj necessaiy to point to the 
qfthejlcme, in ordinary boilers, that being an unmiataki 
evidence of the duration of the process of the combustioii 
the carbon ; and which process cannot be interfered 
unless by the loss of that heat which would have attended i 
completion. 

The following experiment will give a sufficiently 
view of the duration of this process, and what ought to 
the distance and surface allowed to take up the heat, 
this case, the boiler was 15 feet long ; the furnace 4 
8 inches, with a returning upper flue. The air was p: 
supplied, the combustion perfect, and no smoke generated. 



Time. 
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LongUi of flame after 
afrtth charge. 

utes, 10 feet from the bi 
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During the last ten minutes, the flame ceased to be tlut; 
of coal-gas (carburetted hydrogen), and had become thafc 

these were suLsequently taken out and replaced by tvhvla^ boilers ; ft*.: 
dimensions and relative proportions of these two sets of boilers won 
follows." — He then gives in detail all the particulars, the leading poinii/^ 
which are as follows : — observing that " this vessel was less efficient 
the second set of boilers." 



Original Boiler. 
. 400 



Second Boiler. 
400 



Nominal horse jwwer 

Total heating surface . . 3840 square feet. 7150 square feeL 

This is sufficient to prove the fallacy of a large aggregate of hettiiV 

surfisuie. The first boiler, wliich was a good steam producer, had f 

square feet per horse power *, the second, the tubular one, about 17 

^t — nearly double — yet the geuerjAivoii oi bX^mji ^w%& \sfertfst liJi. ^ 

Jstter. 
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Hb-yas (carbonic oxide), Tliere could bo no luiatnUo ia 
bus, the colour and character of the two gasea buiag so 
ifierent ami m*ell defined, aa may be clearly observed 
liroagh t!ie sight holes, placed opposite the furnace, 

S&d tbia been a tubular boiler, the run from t!ie fiirnaca 
the funnel, instead of being 36 feet, would not have been. 
ne-tenth of that distance. Tbe flame, which at one time- 
(e Bee extended to 22 feet, must necesaarily have been 
iMleatly cut short and eitiuguiahed ; or its heat expended 
n the chimney. The atoms of carhoB would have been 
XXLverted from the incaDdesceut state of flame into th» 
|iUck element of smoke ; heat would have been lost to thft 
Mnler, and the tubes would have become lined with the- 
iOn-conductor soot. 

If the flame passing from a furnace be clear, the combui- 
Kon may be considered as complete, and the full measure 
of heat obtained from the fuel — the pyrometer indicating 
the available amount of that heat. Mr. Dewrance states, 
Respecting a land-boiler, properly fitted witli the perforated 
ai* distributor : — " We have a clear flame along the flues to 
the distance of 30 feet from the flre, and the flues at that 
diatance are quite hot ; previously to the admission of air in 
the proper manner, this part was quite cold." Now, had 
tiiig been one of the usual short marine tubular boilers, what 
would have been doue with this flame, or the heated pro- 
dneta passing from it ? and of what avail would have beeu 
tHe surface of the series of small tubes ? It ia manifest, 
thea, tliat this question, as to the length of the flame, and 
the demand for time and distance, was not sufficiently con- 
sidered, when tiie tubular system was introduced into 
ainrine boilers, laing coal, in imitation of the locomotive 
irifly coke. 

Again, in addition to the heat obtained by direct radiation 
from the flame, we have to couaider that largo quantity, 
fchich would have been given out by the gases, if their 
.eembuation had heen completed. It may V«r&\ie Q^iftT^efi 
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that it is tlie obtaining the service of the heated prodi 
by an adequate run of flue, with suflicient time and aarfuc^l 
that charaoteriaee the Corniik hoileri. In these, the 
feature cousiata ia generating, by tJoto ooiabtution, no 
beat than can bo tal<eu up, and traosmitted to tbe n 
la ibis respect, then, it ia the direct reverae of tbe tul 
ByBtem, In the former, there is slow combuBtion, — a c 
uuoua amall development of combustible gas,— a long n 
abundant abeorbiuK aurfuce, — a moderate rate of ciuTM 
free acceuH of the water to tbe flues, — and sufficient tin 
enable the surface plate to do ita duty ; — added tfl 
adoption of every poaaibte moans of preventing the ia 
heat, externally, by clothing tbe outside of the boiler. 

In tbe marine tubular boiht; on tbe other hand, 
ia the reverae. There is tbe most rapid combuation," 
largeat and moat irregular development of gaa, — a 1 
current, — a short run, — a reatricted and imperfect t 
latiou of the water,^ — and a total inadequacjf of time fti 
transmitting and absorbiug processes, with a great wasi 
beat by radiation from tbe boiler. 

Another serious evil of thia tubular sjatem, and itsj 
run, which carries the heat away so rapidly, ia, the over-i 
Hate of tlie funnel and tteam-eheat ; and tbe coBse^ 
danger to tbe part of the vbbbcI in their immediate^ 
tiguity. 

The cause of such heat in a aituation where it can ! 
no avail for the purpoaea of evaporation, baa not been : 
ciently inquired into. To this circumstance, without di 
was attributable the destruction by fire of tbe Ax 
steain-ship. The excessive heat of tbe lower part d 
funnel, the taie-up and atenm-cbest,— -iofA of which tm 
tJiat vessel under deck, — created a source of dimger n 
doca not exiati ia vesaek where both are ofiotia the i 
deck. 

With i-eference to tbe aTiula\)i\.\ty o? tVa ^Khvisx tax 
eren tbe Aorizontal position o£ fWo tiioea, axi&'&«a' 
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nmged in tiers above each oihei\ is peculiarly unfavorable. 
The lower tiers presenting the nearest opening for the 
escape of the heated gaseous products, are first occupied, 
and at an accelerated rate of progress. 

Mr. Atherton has given the most convincing proof of the 
waste and danger of the tubular system. Speaking of the 
oombustible gases evolved from coal, he observes that ''after 
Iisving passed through the tubes, the proceeds &om all the 
different furnaces become collected in the up-tako and 
fbimel ; and being there combined and mixed together, they 
hirst into useless combustion, frequently mahing the funnel 
red hotJ* This is unquestionably true, but it only shews 
that the combustible yases must have j^assed through the tubes 
wncmsumed; and having, in the smoke box, encountered the 
tir (which should have been suppHed earlier), "^^^tj burst 
M^ useless combustion^ 

But there is a more important reason for the large 
^sectional area" in the flues which has not been referred 
to by writers on the subject, viz., that it is absolutely 
essential^ chemically, to the completion of the process of 
combustion and the disposing of the products, of which water 
it so large a one, as will be shewn hereafter. 

In calculating the effective surface, then, it should be 
taken with reference to the length of the road, so to speak, 
along which the heated products have to travel in their 
hurried course, rather than to the breadth, or enlarged 
areas, which may be laterally or accidentally provided, but 
which are practically not used or available. 
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ciL\PTI:ii IX. 

OF TtlME, AKD THE TEMPKBATCHE BEQriKEI) FOB 1 
PEODCOTIOS AND COSTIKUANcr, ABD 11 

MEST IH THE I'UESACES AND FLUEB. 

Tbeatiko of the tempernfcure required for the combtu 
of carburetted hydrogen gas, is, virtually trea,ting of jl 
which is the first product of tliat combustion. On i 
snlfject we may take Sir Humphrey Davy as o 
ho mado it no object of eucli special inquiry. In 1 
" Eeseai-chea on I'lnme," he observes, " I shall proceedfl 
describe the origin and progress of those iuveetilga^r 
which led me to the discovery of the principles by H 
flame may be arrested and regulated. I first began \ 
minute chemical examination of the snbttancee with w, 
had to ileal." So far from adopting the same rational o 
though dealing with the same subject, writera of the pre 
day begin with calculations respecting the proportion 
vesteU into which the several substances are to be !l 
duced, while they omit the "cliemieal examination f 
tubtlancee" themselves. 

Having, after numerous trials, ascertained the mltm 
air re<]uired for the combustion of the gas, he next ti 
the temperature required for the production of flams; 
is, for igniting the given mixture of gas and n" 
calls an " explosive mixture." " This misture," he obse 
" was not esploded, or fired, by red hot charcoal, or red | 
iron; it required the iron to be tchite hot for its i 
mation," 

Tliat thia beat is reqmred for the igaition of the Jtr^ 
^xed ffroiip of gat and air to'wb.iiAii.twn.YC^i-i'fift^w 
tlaify- proof, when, to light tbe gas m ouv a,^«rt,m«vi»,-«'i 
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if the Iient of a. separata flame before ignition tnkea place. 

! is confirmatory of the high temperature deacrihed by Sir 
L Davy, since, as he ohBen'es, " the temperature of tpAiVa 
^ metal is Jar below that of Jlame." Is'ow, iii lighting the 
IB from our burners, we are apt to overlook the ail import- 
i fact, that it ia not the gas which we ignite, but tho 
'fatttre of gas and air, Ou the taper being applied, esplosioo, 
^mdden ignition, then takea place of jiut so much, or so 
fiiig groups, of the gas and air, as Jiave obtained tlte necessary 
Imwc contact, and no more. 

I That a high temperature must, unintermittingly, be maia- 
^jned in the chamber part of the furnace, will at onca be 
Ibderatood, wiien we consider, that flame, continuoua though 
fc appears to be, is but a rapid succession of electric explo* 
ioDB of atoms, or groups of atoms, of one of the constituentB 
if' the gas — the hydrogen with oxygen ; and as rapidly as 
l||«T respective atoms obtain access and contact with each 
f&ei ; the second constituent — the carbon — tiiking no part 
In such explosionB. "Whatever, therefore, interrupts this 
tncceseioQ ; (that is, allows the explosion of one group to he 
bnminated before another is ready, and within the range of 
Vt required temperature), virtually causes the flame to 
Besae; in ordinary language, ^u is it out. 

Again, if by any cooling agency we reduce the tempe- 
atnre below that of accension, or kindling, the effect ia the 
una : the succession is broken, and the continuousnesa of the 
fllBie ceases ; as when we blow strongly on tho flame of a 
tudlfi, by which we so cool down the atoms of gas that 
tbey become too cold for ignition, and pass away in a 
EWf-ooloured vapour ; but which, by contact with a 
!i^t«d taper, may again be ignited, and the auocesBicn 
tMtored. 

Thus we see there are two modes by which flamo may bo 

Bid, that is extinguished ; both of which are momBii- 
operation in our furnaces. !Ist. By the want □£ 
aixture or groupings of aip and gaa. 'i 
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reduced iu temperature by cooling ageiideiri| 
will hereafter be shown. 

Luminoaity ia not an element iii the generation o 
It is merely the result of the presence of some oth^ il 
fdSd matter — the degree of luminoBity being 

to the quantity and temperature of such solid i 

the combustion of coal gas, flame ia caused by the q 

the hydrogen with atmoBpheric oxygen, the heat pro 

raising the carbon, if present, to the si 

[Candescence, and producing the effect of luminosity, 1 

may admire the wonderful adaptation of nature to hunm: 

Without the hydrogen there would be no heat, sndi 

ithout the carbon there would he no light. The luminoaiQ^ 

the incandeecent carbon, then, is the mere result of that 

ligh temperature which is essential to its own subsequent 

.bustion, or chemical union, with oxygen. 

f Let this fact, tben, be borne in mind, as it iudicatea tie 

lal point of the whole process in ovir furnaces, namdji 

it it is not the gas, but the mixtitre, the compound of gm. 

that ia ignited, and which produces the flame, witi 

heat and luminosity. 

This necessary couditiou of mixture clearly exposes the 
of Euppoaing that the gas may be ignited or consumed 
being made to pass over, or in connection with iJie rediet' 
Sir H. Davy has show that no degree of heat iriU, 
insume gaa— combustion being, not the heat in the gas, but 
le ehemical union of its constituents with the oxygen — n»- 
but the preliminary operation of bringing tho» 
istituenta and the aupportec of combustion into atomic 
itact, orwithin the sphere of chemical or electric action, ' 
The two essentials of combustion being laid down by Sir 

— temperature and contact, he then considMB , 
the management or treatment of the flame, and the means , 
hy which it may be effected or extinguished. He states, that 
mixing ana part of cnrbonic acid ■wVfti w««ix -^ta of rf* I 
■tf of gas and air ,- or oiie^"rti ot iKtoQ%ft^ivr&.wi\ 
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of the mixture, tfieir powers of expiation were def- 
' ttroged, — tliat is, ignition teas prevented. Here is a fact 

never to be lost sight of, inasmuch as its application : 
' called for in every stage of tlie pi-oeeBs in our furcacea and 
I flues. 

I Again be obserres : " If combuatibleraatterrequiresahigh 
i.4eiiipeniture for its combustion, it will be easili/ extvitguialtei, 
I by rarefaction or by cooling agencies, whether of aoKd suh- 
I stances, or of incombustible gasea." This is highly inBtruo- 
j. Kto 5 yet, the supplying these very means for extinguishing 
I ti]6 flame are the characteristics of the tubular system, 
|-BBmelr, — " destroying the high temperature by rarefaction, 
I wJUng agencies, and mixing miih ineomhusiible gases.'' 
I On ei^amination of what passes in furnaces vsing coal^ 
["ire Bee the direct connection between its effect, and what Sir 
j S!. Davy so clearly points out as the means of exlinguiahi^ 
I 'ihejtame. On looking into ajlue boiler from the back end, 
I fl body of flame will be seen flashing along from the bridge* 
I'Uid if air be properly introduced, extending a distance of 
■W to 30 feet, This is the appearance which has to bfl 

soatained until IJte process of combustion he completed, if wfi 

. would have the full measure of heat deTeloped. ^ 

On the other hand, looking into a tubular boiler, a* 

the smoke-box, the Kgiit of the Hame may be seen thrj^wgk 

He tubes; but, on entering their orifices, or at a^. short 
I dflwce within them, it will appear to be suddenly c^^t abort 

•nd extinguished, and converted into smoke, as sbow! 

%75,Pkte4. 
The distance, then, to which flame will penetrate tubesj 

i^>re being extinguished, will depend on the rapidity of the 

Qurrent, — the size of the orifices, — and thp quantity and 

ehanicter of the gaseous products, entering in company ani 

in eontaet with it. These products are — % 

Prom the coka . . rarbonio acid and uitrugai. 
Tnim iliB £03 . . carbonic acid, nitrogen, &ul s\nKm.. 
flere tre hare the very incombustiWe gaaea TeSefW^ 



■ Z82 THE COMBCSTlOy OF COil, 

1^ Sip H. Davy,— not even in amall, but in very 
qntntities, — forced into the most intimate poBsible « 
with tlie flame. The result necesaarilT must b 
reductiou of its temperature, and conaequent extin 
ment. 

Impresaed with the importaDce of the connesioii be 
temperature and ignition, Sir H. Uavy dwells on t^ft 
and repeats, thnt " flnme, whether produced from the ■ 
buation of large or mnall quaii/iliet of eiploaJTB i 
pi8 auJ air), may alwHye be extinguished or destri^ 
toting ageneies ; and, in proportion to the heat rea 

n eomhmlion, to U is the more ennlg destrtyei."- 
r Agaiu, he observes : — " In rensoning on those phenoB 
} occurred to me that the effect of carbonic ftdd- 
rogen, and of the surfaces of small tubes, depesde 
ieir cooling powers ; upon their hicering tlie tempen^ 
eaploiling mixtvre bo much, that it waa no 1 
fficient for ita conlinuma ivfiammation." It ia impo 
bt words can be more explicit, or more applicable 
Kittonary, aa to the consequences of brln(;ing these h 
listible gnaea into contact with flame. Tet this mixtnn 
nse cooling agencies, are promoted in the moat pa] 
r and to the greatest extent, by fordcg the i 
mther tcith fliese gases, to enter the hundreds of' 
rrow metallic tubes, with their small orificea ; — 
dividing into numeroua films, and destroying the bodym 
intensity of the heat, which should have been preserved^ 
since, aa he observes, — " the heat communicated byjlamew^ 
depend on its massi" J 

Under the circuraatauccs of an ordinary ^«« boiler, 109 
flue be of auSicient area, the producta of combuation mm| 
themselBes,!).^ seen in the ilame of a candle, and aa will hereoH 
be shown. So in the flue, the hottest portion, and the t^^ 
itself, will take the upper part, thus avoiding that um^^H 
mixture with its own incombustible products — '^fl^^^H 
aitTogen, nnd steam ; but whic^i mtVw tu!i»Al^^^^^^| 
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lin forced into contact with the Bame from which thq 

separated themaelTes. 
That the temperature tcifhtn the tubet will be reduced 
ikedovr that required for coutinuous igaition, may be tested 
By looking into them through apertures across the smoke- 
Pdz end, or by introducing ahaTings or paper fixed to th 
pi&d of an iron rod. In moat cases (unless 'tvhen the fuel o 
Rm bars is clear) the paper may he passed in and with* 
nnwn, blackened with soot, or uBscorched, according t 
pke state of the furnace, indicating the tow teniperatui 
*iithin the tubes, and their utter uselessneas as slean 
■generators. 

In speaking of the evils of the tubular systei 
^^emarks have no reference to its application in locomotiTS 
btrilers, where coke alone is used, and for this sclf-oridealt 
that no hydro-carbon gas or fuliginous flame bai 
there to be encountered. In the tubes of the locomotivft 
Viere is, in fact, no chemical or practical reason wliy the* 
Inat may not be abstracted irom the products with the 
^greatest rapidity. 

■ Looking, then, at the practical effect of these n 
Mirow orifices, and the diminution of the temperatuFfff 
consequent on its dirision, it would be impossible for 
iogenuity to have devised a more perfect mechanical mode of 
eiuting that rapid and intimate contact between the flame 
tod (he incoTnhustiUe yases, described by Sir 11, Davy 
*i being so injurious to the continuing high temperatuM 
of tbat flame, and, in a word, so effective in its extinguish- 
ment. 

The inference which this inquiry leads to as regards thf 
iigb temperature required, — Ist, for the ignition, and 2ndljj 
ior the sustained existence of flame is, that the tubula^ 
lyatemis chemically, mechanically, and practically a deatroyoi 
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CHAPTER X. 




Kg. 77. 



This important brnncb of the subject — promot 
tiim in tlio water in evapomtive veHBela — appears ) 
hitherto received but little atteatia 
promoting circulation ia virtually pnl 
evaporation. Sir. Perkiofl proved by na 
experiments bow much evaporation I 
creased by an unembarraBeed action 
nscendiug and descending currenta 
I ' I water: since tbeu, no further effort la 

i I 11 made in that direction. If sa&aest 
bo allowed for the action, the aai 
and descending currents wUl of thej 
take such directions as ore moat &i 
for their respective function, as in ] 
where an ascending current ia Been 
centre, and a descending one on the ij 
Dr. Ure observes, " when the botli 
vessel containing water is exposed i 
the lowest stratum becomes specifioallj^ 
and is forced mptoards hy the m^erior-. 
of the tuperincnmient colder and Jisaei 
tides." Here we have the correct 
of circulation : no particle, or stra 
water or steam (whatever may be U 
perature), being able to ascend, or ch( 
position, until some colder or heavier particle is prei 
take its pkce and "force it -apwarda." This is the n 
of all'motion in gaseous, orfluid bodies, arising fiwm tl 
^'^ence o/spccijic gravities. Thua, \';Kc'Q-<iie e^^aV t; 
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leeudiog, wo muet bo considered ns meaning tlieir being 
forced upwards " — ascending being a compulBoiy, and not a 
lluntary, act. Tliia elementary yiew of the motion ahould 
B kept in view, as it ia the basis of oil that follows ; and aa 
» are too often led astray when considering the agcending 
ody of steam or water, but neglecting that descending body 
f which it is to he "forced vpwardg." 

■ in the case of solids, heat passes from atom to atom by cott' 
iietion, — no perceptible change taking place in their relative 
nlk, weight, or position. In the ease of a fluid, the entire 
BA8B being put into motion by its intestinal currents, circu- 
|tion ia continued, and ultimately the temperature of 212° 
a obtained, which has been termed the boiling point. 
li "We have now to examine the class of motions and currenta 
^ch are the result of tliis boiling operation. If we could 
Hippose that there was no motion among the particiea of 
Inrter during the act of boiling, and that the atoms of steam 
Wme rose to the surface on being produced, — in such ease, 
^Mulation would be imneeeasary, and the contraction of the 
JBiter spaces in boilers would he a matter of no importance, 
U water would then be always present on one aide of 
Ae plate to receive the heat transmitted through it 
torn the other : such a state of things, however, is contrary 
Id the laws which influence the change of temperature in 
Bnda. 

Sofm-as regards the motion in water,,^recioiM /o ebullition, ^ 
i has been commented on by nil writers on the subject.' 
[he act of boiling, however, creates a species of currents ofj 
O entirely different and important character. These have i 
lot received due attention, yet they are the most import- 
nt, inasmuch as they influence not only the amount of 
TOporation, but, as will be shown, the duralnlity of the 
oiler itself. 

With reference to the movements among the particles in 
■ster, it is a mistake to suppose they will descend in the 
HBe vertical lines in which they had aacendad, a% a 4\tfi'«fti. 
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of rain would througU the opposing atmoBphere. Such 
direction would be impracticable on account of the rei 
of the ascending currents of both eteam and water, eai 
by ebullition. This may be illustrated by the nnnezed di 
ingB. Fig. 78 represents & suppoaititioua case of the partadM 
of water on reaching the surface, turning and descending it 
the same vertical lines in which they had ascended. I'ig. ~" 
lepreeenta the ascending particles of wsAer jlouiivg along 
iwrface to the coolest and leogt obstructed part for 6iw9| 
ieieending course. This is what takes place in all boilers. 



Fig. 79. 




when beat is first applied to wft\ec^ ^^^ xmi^iTmitv of tbe 
motioa is the mere result o£ diminisliel specvjw gramli!j,'ODih 
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len the wole motive pomer, Afier t^mllitioii, how- 
lew itate of things ia created. The coliinmBofriaiiig 
itaiii great phydcal power, violentlj' and mechani- 
eiiig upwards the water which cornea in their way. 
streams are thns induced, putting in motion a body 
Jar greater t^n would he required for merely taking 
! of that which had been converted into iteam. Now, 
!B or streams of water, commensurate with these 
msly forced upwards, must necesBarily return to 
there being a vacant space, it is for these returning 
card currents, of what may be called tarplui water, 
are called on to provide both space and facility. 
Fig. 80. 
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The diffidence in the chancter of the currentB i^Wvi 
t^Ur ebullition are ahown in the annexed figurea. A 
joKf be well obierred in a glass Tessei, of the ahape hen 
dicated, and about 4 or 5 inches wide, auspended orn 
flame of an Argand burner. Fig. 80 repreaents the umli 




motion which takes place lefore ebullition. Fig. S] 
preaents the water t^^ ebullition in its descending 
reTolving currents, jinving the rUing eolujnng of steam 
from their vertical cottrte, as marked by the arrows, 1 
motions, which are not perceptible if the water be free 
ibreiga matter, will be Beenoatbioini^^ii 
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I lata of p^per, u u to ooeupy all parti of the water, 
entire maas will then be exhibited in Tiolent and lerolTing 
ents — the ascending steam occapjing one aide, and the 
cudiog bodj of water rapidly descending in aome other 
, but manifestly Mmtfyut^omHei larger area <^ the vetiel 
ihe ascending portion. 




9 great is the sBceiuional energy and Telocity of the 
•*eam, and the eitn water foficed. ^teSom Sh, *dQ:A> 



Pig. 83. 
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numerous globules ore borne along by tbi 
carried even dowiiM'iirda. Tbese may be observed at 

SI, in tbeirslow osciilating motion, etra 
to I'ctum upwards through aod again 
force of the desceuding vater. These 
inents are highly instructire, and sb 
well eiamitied, since, without an i 
knowledge of them, we cannot hare 
conception of «-hnt is required for giviii| 
circulation to the water, and arrangi) 
flues and water spaces in boilers to 
those motions to be compieti^d, 
l^irji' The inlluence exercised by the deso 

v)}]) body of water was strikingly illuatri 

V\if'}// an experimental tin boiler, 12 iachi 
with a single flue running horizontally ti 
it, the water being heated by the 
largo laboratory gas lamp. The boilei 
open at the top, the movements of tli» 
and water were thus ascertained, 
in Fig. 82. So soon as the ebullitionl 
strong, the water spaces round the S 
V-~S\ peared insuiEcient to allow tbe ste 

V&W ascend, and tlie water to descend, eqoi 

^ '- both sides. The consequence was, that 

of the water forced up by the steam i 
one aide, was carried over by its 
and descended on the other, thus 
circular course round the flue, and ii 
carrying along with it much of the 
that came in its way. This circular 1 
is shown hy the dotted arrows repres 
the steam, and the plain arrows, the 

"With the view of observing the jnj 
consequences of restricted water-waya, 
mefiil elasB of obaervations mny be i&bAo \i^ ^ 
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gksa as in Fig, 83, attached to a tin or iron Teasel, 
tritli a Bat botConi, to receive the heat from an Ai^uud 
bamer, or spirit lamp. 
' Here the descending mater is so obstructed hy the joint 
wlumna of oicending steam and mater, that both are thrown 
uto great confusion : — their respective currents continually 
khanging aides, and the progress of evaporation considerably 
fldftyed. We here obtain a clear practical view of \ 
[tn^t take place between the flues or tubes of boilers, witii 
tbeir usually restricted Kater-ways. 

' The \nolence and intermittent action which ensues wher 
iBpsrate channels or sufficient space are not ayailable, will 
be well illustrated in tbe following esperiment : Fig. 84 
twpresents two long glasses, each 2 inches wide by 18 
lies long, A and b connected by means of a tin apparatus 
\ D, at top and bottom, leaving the communication 
FKbove and below ; the whole being suspended ov 
* circular series of gas jets producing a strong heat. 
9 heat being applied, a current of mixed steam and 
ViU be seen ascending in one glass, and descending 
I other, aa indicated by tho arrows. There being 
or coUision, a state of tilings will be pro- 
I highly favourable to the generation of steam; the 
■water finding easy and continued access to the heated 
k of the vessel at e. 

', the communication between tbe two gla 
I off by inserting a cork or plug in one of tho glasses, 
1 at P, Fig. 85, the circulation in glass n will bo 
ied, and the glass a will then Lave the double duty ■ 
Jbrm of allowing the rising steam to reach the surface, 
■e descending water to reach tlie bottom at X. The 
s uniform generation of steam will then be succeeded 
I intermittent action, ejploaive violence alternating 
p>mparative calm and inaction, clearly m^icDldii^ ^^unlii 
W-^tter ia only the interraJ of accumu.\a.tm5 tonsa 'tQ^! 
Siofiajgetf by the former. The rationale ai ftaa tjAi 
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Fig. 84. 




Fig. 85. 
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■ ANU THE PEEVKSTIOJJ OF SUOE£. 

tab action la, tiiat the water being obstructed is itt \ 
jDt, the steam is neceBsarilT delayed or accumulated in 
,ower chamber, and only discharged at inteirala. The 
ions exhibited in theae intermittent changes are little 
Mtood, and hate not been examined either scientifically 
ractically; yet tbia branch of hydrostatics merits the 
I seriouB iuveatigation in connexion with the conHtruc- 
of large boilers. 

jain, this accumulated steam getting sudden vent is 
[Urged with great violence, literally emptying both tbe 
es and lower chamber. An equally TJolcnt, but more 
en, reaction of course follows, and a large body of 
tr water as auddeuly rushes down to fill the apace 
ted. An interval will then necessarily be required to 

the temperature of this large supply of colder wat^r, 
restore tlie previouB state of ebullition, 
ere, then, we have a nataral and physical canse for tho 
mittent action on tbe small scale which takes place in 
ITS on the large scale, where free circulation is impeded 
he want of adequate space. Hero also may be seen tbe 

source of priming in boUera where tbe act of ebullition 
llent. 
I this experiment, although there was nothing to inter- 

tbe steam and water in their ascent, the intermittent 
IB continued at intervals of one or two minutes. At 

irruption, the steam and water were forced to a con- 
■able height, and ba its return, striking downwards into 
Tease), shaking the apparatus with such violence as 
lently to threaten its destruction, the bloiv received 
mally being accompanied with a noise as if a heavy 
' had fallen on the iloor. From tbe great violence imd 
Bsive character of the ascent, when the intermittent 
in occurred, it was manifest that had the vessel been & 
fi one, no safety-valve would have been aufficient to 
■file outburst of these irruptions. 
^Kfra/osome actioa of a SHfety-vsl^e ^e'^ertA^ «'&. & 

^ - ' 
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^hnppaeed iiniibrm and progressive increaae of tdIuidb 

^^■reesure of the ateam ; yet, practically, nothing of the k 

^Kdces place : all is intermittent, iadicating 

I^^BTuptive efforts in discharge of the aceuiuulated ste«m.' 

truth, after ebullition has begun, the wbole procu 

intermittent, — ebullition itself ia on iotermitteut, 

Hliitherto unexplained, action. Here, then, we have a | 

1 exempli Bcation of at least one of tlie causes of 

iploBioni nbicli have lotterly become so frequent. 

jerimenta were repeated with numeroua alteratiffl 

I relative length and diameters of the glaasesj eadi 

mtbg Bome new phase of the process of vaporii 

Indicating that a highly nnportant Held still remoi 

tnTestigation, and bearing practically on the subject el 

) required for the efficient circulation of the ni 
tgeneration of steam. The subject, liowever, is too e: 
important to be here entered on, and i 
tamined more at length tbau would here be practiotd 



CHAPTER XI. 



■ THE CIECBLATIOtT OF THH WATEH IIT 

ETAPOUATION, ANU ITS INFUTEKCE ON THS 
MIBatON OF HEAT. 

"With reference to the currents in water caused 
Application of heat, the first point for consideratioai 
■ Ideally ia, the direction in which the atoms of water a] 
fe^e plates where they are respectively to receive best.'' 
Bemembering that before any particle of 
»LTe tSie bested piate, and rise to the surface, aa , 
jnust be "forced upwards l^ some colder and 
-tides." Unless, therefore, a due succession 
ticleB be enabled to ta^e theit ^\ftce& os 
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nved the heafc due to their yaporization, the plate 
mot be relieved of its heat, and consequently^ 
on must be retarded. 



Fig. 86. 



Fig. 87. 




C#j^ 



5 

c 
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iistrate the direction in which the particles suo- 
approach the heated plate, Eig. 86 represents a 
water — the heat being applied from beneath. The 
here is, whether the colder atoms which are to take 
5S of the atoms of vapour, generated at the point 
pproach that point in the direction of the arrows 
n. From what ha^been just shown, it is manifest 
not arrive in the dovmward direction of b, and 
sessarily come in that of either o or d. 
, suppose the heat be applied laterally^ as to the 
es of a fwrnace. The question then will be, 
the colder atoms will approach the point a, as 
7, in the direction of the arrows b, c, or n. Por the 
sons it will be seen that it must be in that of either 
This is manifestly in favour of vertical, rather than 
/ surfaces, as practically baa beea "gTO^^ yq. ^^^ 
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1 tabea. This advitntage may be accounted 
i fact, that) the currents of the atoms of vapour, 
Lof the water about to be conrerted into vapour, 
i be running in one and the tame direclion, and 

ttlj, without obstruction or collision. 
I vaporization does not depend on the quantity of 
ted to the plate, but on the (juantity taken front it, 
mt of evaporation will be delerrained by the 
nth which the colder atoma of water obtain access 

ted plate. Hence we see how more importaut it 
h the means of giving that access of the water to 
Be of the plate, than of heat to the other. 
^exed figures will illustrate, pracLicaliy, the direc- 
Hiich the colder water obtains access to the aidet 
m plates of a furnace: — the arrows representing 
I of water, and the dotted lines those of the rising 

Bortaut question is here raised, — do the atoms of 
■foacb the plate in the direction of the arrows as 
■ or Pig. 89 ? Everything goes to show that it 
b in the latter. We here then find that the crown 
ijtal plates can be supplied from the vertical water 
me; and hence the importance of making those 
[ 80 large, and convcDiently arranged, that the 
w reach them in full current and quantity. This 
kmts for the fact that the crown plates are the 
Ue to injury from being over-heated. The side 
lit the fuel on the bars, becoming orer-hcated and 
[■hall see, is referable to a different cause. 

^ plates of a furnace are then the most liable 
n the double cause of being exposed to the 
beat, by direct impact of the flame, and from the 
ling greater difficulty of access to them, as shown 
I.* This causes them frequently to bulge under 

I 



been irell iliustratad bj Mr. Pairbam io ■ piper read to tbs 
ttioa At Ball, detailLDg som« veij uitera^xD^ i«b^U ^ 
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the pressure of steam, as in Pig. 90. This bulging on on 
occasion occurred in the first voyage the vessel had nudst 
neyertheless, no inconvenience resulted from it;— the bm 
having been of good quality, the boiler remained in a Mi 
of perfect efficiency for many years ; and when nltimila^ 
broken up, the bulged part was as sound and thick at ft 
ever had been. 



Fig. 91. 



'i'i'i • I • 
ill i >< J 
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Xi>^l!ll 




xesearohes made for the purposes of determining the strength of locomotiie 
boilers. In the boiler which exploded at Long-side, *' Considerable sfcrefli'* 
he observes, *' had been laid upon the weakness of the stay which noiitd 
the flat surface of the boiler to the sides of the fire box. The experimoili 
made, however, clearly indicated that the fire box stays were not the weakeii 
parts, and that there was itayre to fear from the top of the furnace, whiAf 
under severe pressure, was almost invariably the first to give way,** ZUi 

iM the £nt time any doubt haa been t^Ktoim qil V^^^i^ <»sisi^smc»jGn^ sdaBm^<i 

tbiBpart of the fiiniaoe. 
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dus it may be obMrred, th&t if there be any obitnie- 
Blnggiahneu in themter reiohiDg tiie crown pistes 
rimng from tita vertical ynter-^nya), the violence a£ 
ward otirrent of steam will earry it in the direction 
arrows in Fig. 91 ; — thui leaving the centre of the 
pUte in eontaet with tteam rather than water, and by 
it neceBaarily becomes orer-heated. 

Kg. 82. 




)Idng to the direction of the water on pasBing £rom 
trtical aide spaces to the crown plates, the shape, as in 
l2, would appear most faTourable for aiding the access 
w»ter — (the arrows show the Erection ot ^^^nb». 
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and the ilotted lines that of the ateam). Tb« t 
Bbape, perliapa, offers the moet advantages aa regards 
tion of the water, and the reaistiitg power of the plab 
The inferences to be drawn from these facta are,- 
that every possible faeilitj should be provided for el 
the ateam to reach the surface of the water without ' 
time or temperature. Second/y, that ample apace ■ 
be given, at the ends or sides, or loth, for the large i 
inff bodi/ of water, which had been forced upwards 
violence of the ascending colutiins of ateam. Tkirdt^ 
similar and adequate means should be provided to < 
the water to spread along the bottom, in its course to . 
be numerous vertical spaces between the furnaces. 

TVe ■will now consider tlie internal arrongems 
marine boilers, with reference to the circulation 
water. Previously to the introduction of steam poni 
Bea-going vessels, boilers were simple in their ca 
tion, — the water forming one undivided mass within 
its intestinal currents had free scope to act, taking wl 
irse was most favourable and in accordance wiH 
temperatures. The waggon boiler of Watt, and the 
shaped colliery boiler, may be considered as types i 
class. In Bucli, the question of circulation bad no pi 

, application. The employment of the steam engi 
marine purposes, first rendered it necessary to D 
change in the internal arrangements of the boiler, i 
economising space, aa for providing adequate fa 
surface. This produced the system of internal jk 
eoneidemhle length, or lineal run, corresponding wiJ 
great length of brick flues, under and round land fai 
Instead of one undivided mass, the water was neces 
thrown into numerous deep narrow avenues, and 
films, with conflicting internal courses, and maM 
obstructions. I 

Here, then, was a new system, involving great pn 

changes, not only in tbe dJiw^ii: c£ ^ke ^a|^^^l 
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bom the furnace, but of the currents of both steam and' 
■F«ter> These changes, however, appear to bare eicited n^ 
■Atentioa. It was said (and in the eamo looae manner) 
lilist the water would Gnd its way to the heated due plates, 
fnf^ as it was said that the air would f nd its way to tho 
^fhel, and the steam to the surface, teiihout considering tc* 
"Mjtote urays were, or ought to,le, anil whether they t 

'- The extent to which the heat will be taken &om the 

h^date is next to be considered, iir. Sewell,* among TDnay 

IMeful remarks, has Eome which suggest important points of 

[uiry- in connection with marine boilers. " No matter,'' 

observes, " how ably the furnace performs its dutj, if 

heat given off from the fuel cannot le taken up a» rapidly 

it i* produced, then of course economy ceases." This, 

«o doubt, ia true ; but he has left unnoticed the n 

pirtant point, namely, — 6y tchat is the heat to he taken up f 

Again, — " Where the power of convection is much greater 
tiun the power of absorption, then the heat evolved during 
.wmbustioQ, is carried off without e&ect." This ia also 
true; but we are etill left in doubt, — Sy what w the heat to, 
ie aitor&ed ? 

Now, this absorption cannot be in the plate. In a well- 
Wtutrueted boiler, where adequate means of circulation of 
■water are provided, there can be no absorption in the 
which is, or ought to be, the mere conveyer or trans- 
The very term absorption implies, not merely 
Iff, but retaining the heat, and which certainly is not 
ftmction of the plate. 
^This distinction involves considerations of the Iaa| 
importance. By confounding the heat trantmitter — tia 
plrie— with the heat absorber — the water, — we fall practically 
iato innumerable errors ; not the least important of whiolji 
erlooking the question of the currents and circu- 
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lation of tiie vuter ; and the being stttisfied with. 
providing a large arfijregale of turface ; beDce cone 
that we hod olao provided a comraenBurate alsorbi 
enaporativa power. Errors of tliia kind lead to a nei 
the express function of tlie plate itself, which ie mi 
Irantmit what is given to it on the one side, to thtl 
will receive it on the other. . 

In addition to the power of convection, or carrjl 
beat through the fluea,— wLich belongs to the 
products of combustion, — and the power ottrimtmi^ 
bent, — which belongs to the plate, — there is ike iktri 
nanely, that of ahgorbmrj and retaining tJie heat, i 
heloaff* exclusive!!/ to the recipient, which ahoiiid 
Kow a right underBtandisg of these separate ftmctii 
duties is absolutely necessary before we 
relation which the size or surface area of any one p 
boiler should bear to the rest. It is from neglect 
distinct functions, and tbo confounding the one 1 
other, that we so often err in giving an unwise rsp 
the convecting character of the gaseous producta, 
iajuiioua curtailment of the convecting range 

On this nbsorhitig faculty, and still witliout defil 
vbat it belongs, Mr. Sewell observes — " Much rf tl 
parttlTC economy of boilers depends on their t 
power." Here we are left under the impression 
sbaorbing faculty is a function of some part of 1 
vbich certainly is not the fact. 

Now, it is more important that we iuTestigi 
absorbent poicer of the recipient, than thai of tie plaU 
that the plate requires is, that its transmitting pou 
proper function, be brought into action. On thill 
M. Peclet correctly observes, that, " under ordinary 
Btoncea, the quantity of heat which a metal plate ii 
power of transmitting, is far greater than what it iS' 
called on to transmit ! "* 

" " Noaa avons vi que dans I 
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Vo expect, then, tbat the plate wiil exercise a greater 
iWer of ti'artgfnittvng heat to some other body, tlian that 
idy posseBHes for receiving and ahmrbinij il, would be a 
ffBieal absurditj". As well might we expect that a larger 
IKntity of water would pass through a porous body than 
nM be contained in the space in which it would be 
iceired ; or that the ateam from the engine cylinder could 
» discharged into the condenser, in the abaence of a 
ifEciency of water, or space, there to nbaorb or receive it. 
lUr. Craddoek, in the course of his published Lectures, 
Irintroduced a new feature in the question of the trans- 
Bsion of heat, by drawing n distinction, as to temperature, 
rtveen the two surfaces of the plate. " It lunat be borne in 
and," he observes, "that it ia the exterior surface, along or 
rer which the gases pass, and on the difference of tempera- 
Ire between such surface and the heated gates pasting over 
\yril depend the rapidity with which the latter will impart 
beir heat to the former." This assuredly ia cot the caae. 
It may be asked, Why draw a distinction between the 
BBiperature of the exterior and interior surfaces of the plate 
■a if there could be any important difference), while no 
jStiee ia taken of that on which the temperature of both Ut 
It^aees really depends — namely, the character of the re- 
^iaai of the heat ? 

S'fii this dictum we have proof of the prevailing error of 
Itaming that the recipient of the heat will always he water, 
•^bst it will always be present, — and ahvays in contact viith 
ieplitte. This, however, is pre-suppoaing the very thing at 
tUB — the very fact which experience denies. If indeed 
Bdi were really the case, it would be a matter of perfect 
l8ifereTice what might be the degree of heat to which the 
llt^ or its external surface, might be exposed ; inasmuch 
ll& the beat that possibly could be presented to it, would 

Unr que pent tmnsmettre le mfitnJ, eat beanooop plus gninde que colie 
ipa tSeUemeat i traDsnieltre,"— IVatl^ ie la OTiolcin-, 
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^^pUB to the water as rapidlj ub it could be received, ai 

^^■PBiible injury could take place. The temperature e 

^^yls/e, in Iruth, onli/ becomes an object of attention I 

there m a want of adequate ciroulation of the water,' 

conaequently, a deficiency or delay in its obtaining c 

with the heated plate surrace. In such caae, steam i 

ueBsarily be compelled to act the part of the recipieni 

Kupying the place where the water bIiouM have been, 

^bose function it ia bo ill qualided to discharge. 

It ia here mauifeBt that &b the heat absorbing powl 

wn is eo inferior to that of water, a much leas qiui 

U be taken up, in given times, by the former than t) 

ter. Again, since no more heat < 

•ough the plate, from the one side than can be tah«n j 

! hy the recipient on the other — the trangmittinff poM 

Sty given surface must be absolutely dependent on 

~toriif)ff power of that recipient, whether it be oil, ■* 

jam, or air. 

"Water, we have aeen, will absorb more heat than Btl 
e quantity taken up, therefore, will be regulated, no 
be " difference of temperature between the plate BUl 
nd the heated gassB paaaing over it or along it," — bu 
le capacity of the receiving body, whatever it may b^ 
isorbifty it. If, however, from any circumatance, the H 
9 prevented or delayed in gaininy access to the plat^ 
eam will in a tike degree be obatructed in leaving iit 
rcBence of the former being the very means by wbiidl 
tter will be effected.* 

Thus the heat which, in such case, canuot be taken from 

ie plate, must remain in the plate^ita function being then 

;ed from that of a transmitler, to that of an absorber} 

ie whole process of evaporation being then deranged 

* The celcrit; witti vhich lieut k communliaitGd from toiler \ 
ider onea, vhca all other things are eqnal, m proporlional ti 
Jact ami doetaesa of oomLounication lielweea the toiiRB. — Tlwi J 
Veai and SleOricHy, 
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^^M)e Been when -n-e came to the consideration of thi 

^^■0 which affect its durabiUty. 

^^^g&in, the mechanical structure of the two bodies (water 

Kpd steam) has much to do with the quantity of henft 
absorbed. Water is composed of nn infinity of atoms SO 
minute ae to be utterly inappreciable. Now, this very cip- 
enmetance multiphes to an estraordinary eitent, its point* 
of contact with the heat transmitting surface. Steam, aH 
the other hand, is a series of inflated globules, each of whick 
is 1800 times larger than the atom of water from which it 
proceeded ; necesBarily producing greater difficulty of acceas 
to the plate, and fewer points of contact with its surface. 

Thia very fact, then, supplies a scale by which we ai 
enabled to appreciate the superior facilities of contact which. 
water posaeasea over steam— if due circulation be obtained ]. 
ud the greater rapidity with which the former ia enabled 
to take up heat, and its enlarged capacity for retaining it. 
We have nest to consider the relation which circulation 

I .to the durability of the plate itself. 
^Tiso considered the circulation of the water a 
poration ; distinguishing the separate functions of the 
heat tranmiitt^, and the heat recipient, wo have now to 
examine its bearing on the durability of the plates 

In the first marine boilers, the fluea were made deep milk 
narrow water spaces, usually about four inches wide. Th9' 
object, then, was to combine the two esaentiala— adequate 
length of run in the flue, with suificient heating surface. 
Asaong the disadvantages of this arran^eiti.etAi «l &a Siias^ 
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WM, the reeurrence of injury to the plates in the region til 
the fiiroaccB by becoming over-healej. Although, this eril 
of orer-heating continues to be eiperienced, the direct caoM 
of it hoB remnined without due inquiry. Its recurrence ma 
uinally attributed to neglect on the part of the fireman, wi 
the want of sufficient water in the boiler ; hence more im> ( 
portonce was attributed to the necesBity of having " carefi^ 
and experienced stokers," than to the remedying the M 
fective construction of the boiler itself. 

If the water indicated a level aht^c the Jlues, all mw 
considered right, and no thought ^vaa given to the poasLbili^ 
of its being deficient ielow or around them. Tet esperienw 
has shown, that although everything indicated a propw 
keiglit of water in the boiler, the plates, particularly tbow 
coDnected with the furnaces, were, nevertheleBS. suhjcct to 
be over-heated and injured. Tn such cases, if the iron vu J 
laminated, or otherwise of inferior quality, it became cracked 4 
or burned into holes. This state of things was atriltinglj * 
iUustruted in the boilers of the " Oreat Liverpool " steam- . 
ship, on her first voyage to Now Tork, in 1842, The en- . 
gineer, observing the side plates of the furnaces constantly-* 
giving way— some bulging and others cracked and ieaki^ J 
and even burnt into holes, although there was alwaysjfl 
aii^cient height of water in the boiler, suspected BomethirtB 
had interfered to keep the water from the plates, and idjll 
the view of testing it, introduced an inch iron pipe fronL-V^f 
front into the water space between two of the funut^^f 
This at once brought the source of the evil to notj^H 
for although the glass water-gauge always indicateiJ^H 
sufficient height of water leilliin, yet nothing issued thnJI^H 
the pipe but tteam, so long as the boiler was in j^H 
g,ffl6ion. ^1 

HP '??hia fact unmistakably showed that the over-heatiflySJB 
^Wb plates was unconnected with the duties of the BremaH 
ftnd was the result of insufficient circululion, depriving td| 
deep narrow flue-spacea of an adeijuate b\j'5\|\y ol ->km!(^H 
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ttoe was then, manifefitiv, no remedy for this continually 
cnning evU, and a now boiler became neceasary. 
)Sere then was the exact case anggeeted by Mr, Marray,* 
hm he says, " It is a point of the utmoet importance that 
■■r^art of the heating surface of a boiler should be so 
jtoated that the steam may not readily rise from it and 
tDBpe to the surface ; since the plate, if left in contact with 
(Mm imlead oftcaier, iecomes undiilt/ heated and destroyed." 
I'Now, we overlook the fact, that the only remedy against 
llni source of injury is, providing adequate cireulalion of 
^•loater, since the steam cannot "rise from the plata 
it^aee," and must remain in contact with it, until icater or 
pHier globules of steaii take its place and force it upwards; 
WMquently, if the approach of the water he alow, so mnst 
be the rise of the steam, There can be no vacuum; no 
iniemil between tho approai'h of the one and the escape of 
jtbaether. ^tker wetter or steam must be at all times in 
{Citiact with the plate : the relative time, occupied by either 
in obtaining this contact, will therefore decide the qaestion 
|rf the amoimt of evaporation, and the temperature of tho 
i^te. 

!■ 'The important point then for inquiry is, "Why was the 
iJlte thus left in contact with steam instead of water? 
%eK was here no apparent impediment to the steam rising 
to the surface. There was, however, as we shall see, eitra- 
ndinary diificulty of access to the water to dislodge the 
llema; and, as Dr. TJre observes, it must remain, until 
'fireed upwards hy colder and heavier atoms of water." 

Am the details of this boiler of tlie " lAverpool" will afford 
ojpjrtunities for comment, on what is practically necessary 
fcrpromoting circulation, tliey are here anueied. 

Sig. 93, Plate 5, is a plan of the boiler, showing the 
toil "fiirn aces, and the narrow water-ways separating the 
MdeB of narrow flues. 

• Ttealiae on Ihe Marine Engiw, liy Kobcrt Murmy, C.E. London, 



r" 



THE COMHOSTION OF C04I, 



Fig. 94, Plate 6, is a aection irom A to B, showing 
epaces of 5 feet deep by 4 incbea wide, and tbe 
which the water approached the side and crowu plates 
furnftces. The bottom horisonlal water-Hpace ia hew 
of httt 5 inches deep, and from which alt the vertieoi 
were to he tupplied. This bottom space was alao foi 
be much obstructed by sediment and other deposit. 
we see the direction the water had to take i 
course was through one narrow four-inch epaca ; an 
to be distributed over the bottom area of above 500 
feot in its way to the vertical spaces between the fo 
and fines. 

Fig. 96, Plate 6, is a section across the furnace end 
boiler, from C to D, showing the eleven narrow 
spaces, and into ono of which the trial-pipe waa introdl 
08 already mentioned. 

Fig, 96, Plate 6, is a cross section of the after-part 
boiler, from E to F, showing the sixteen water i 
between the flues. 

It may here be observed, that the aide piates of tl 
fiimaces, which, aa being the hotteat, required the 
supply of water, wore, necessarily, the worst supplied, 
the farthest from, the narrow downward current at thi 
end. It is here manifest that the furnace side-plates 
not have been adequately supplied with water, to tdia] 
place of the great volume of steam generated &om 
surfaces, and, consequently, that the steavi must hava 
retained in contact with them. It can no longer, then, 

ftaatter of surprise that the sides of the furnaces 
bver-heated and injured. 
■ In this boiler, the ten furnaces being all at one t 
water taking the coolest place for its descent, would 
rally flow along the surface from front to rear, as Bhoi 
the arrows, Fig. 94, Plate G. (The construction 
boUer, as regards vrhat takes place jcilJiin the Jluea, 
be further noticed in the Chapter on " DrangMV^ 
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rst boQen of fhe ^ Oreai BriUdn** Steamer gire 
iUnstration of the difficnliy the water had to en- 
n obtaimng access to the yertical spaces, and the 
: crown snrfiEMses of that number of flues as shown 
7. The lower or famace range of the triple tiers 
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v&B 5 feet deep, the second 4 feet, and the third 3 
numerous vertical water-ways, though hut 4 inches 

L an aggregate of no less than 12 feet deep. No 
or separate space, however, was provided for the 

fcarrent of the great quantity o( wflb^t ^ioAiCi xsl^^s^ 



' lint 



j/SO THE COUBUBTIOIT Of COAI. 

aWBeiititrilj', have been required to supply eo many m 
ourrentfl; the consequence woa, that tlia (ucundiog^l 
had to struggle agaiuat the descending current of the i 
while the latter, in its way, was obBtructed in reaclii: 
plate-Burface. Thus, the rapid generation of eteax 
free accBHB of the wntei- to the plates, were both jpi 
their roBpectiye functions. 

Another source of injury supposed to nriae f 
t«e«« of the plat et, here merits attention. On tl 
Cratldock, adrocatiag the uae of thin plates, b 
(king the question of circulation, and the character i 
iipient of the heat, falls into the common error. ' 
iw," he observes, "that boiler-plates of i or ^ indi 
in heated very considerably, on their exfarUir, 
temperature of the mater in the holler. This i 
take placo to such an extent, practically, as i 
leriorate such parts of the boiler." 
How this eitraordinary alleged fact has been asce 
not appear. Tct, a dictum, bo opposed to all 
3, should have been supported by eiperiments or 
Now, this supposed heating and deterioration i 
inuat either be a conatant or an occasional t 
He former, we know it ia not. Tlie latter, therefore, 
have been t!ie result of some unusual and disturbing ( 
bnt wtiich he has not explained. It is this cause 'wbiol 
m overlooked, and which here demands special inqui 
No doubt, plates are often over-beated and deteriot 
iBuredly, however, it has not been owing to their thick 
Indeed, when over-beating docs occur, thichness is aponSk 
protection. It may then bo taken for granted, that, oa t 
tile plate being injuriously heated, such is absolutely ii 
possible, if the teater he )» contact idth it. This, ■ 
the practical point involved in the question of circulat 
Further, he observes: "We have not good ifaAi'fl 
ich to draw unesceptionable conclusions as to the | 
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er-pUtes, or tubes of different thiclcDeseeB, with 

e fire acting on them and the icater theg contain." 

we bave no sucli data, aince do appreciable differ- 

i poBsiblj' exist between tb^ temperature of the 

i the teaiei- Jn contact teiih them. 

B question here ia, whether the water wag or teat 

act with the plates? It ia manifestly the over- 

3 all-important point, or the assuming that the 

d such contact, in fact, begging the nliole question, 

8 led to the error of drawing a distinction between 

iperature of the two aurfacea of the piate. Sach a 

1, however, would be directly at variance with the 

f conduction, as it assumes a degree of congestion of 

ft on the one side, and of exhaustion on the other, 

h the distance the heat would have to travel would 

fr half an inch. This possible injury to iron plates, 

ing to be thus aaaertod, demands a further inquiry. 

I authoritiea might here be quoted ; it will, 

; be sufficient to say that had any such fact been 

i could not have escaped the attention of Dr. 

' On this head, he only conSrma what the highest 

s have stated, when he asserts that a vessel cannot 

ted by beat, so long as it contains any liquid; that 

M the liquid is in contact with il. 

i transmitting plate cannot be "unduly heated 

leabBOriftioiiof heat," liie Dr. obseTTCB, "in theproceBab? wMok 
converted into steam, will explain wL; a, vessel contwning a 

i oongtanlly espoaed to the acUon of the fire, can naver, whfla 

Wond^s &Dy liquid, recdve aiich a degree of lieat aa might deatro]' it. A. 
1h kettle CDDtiuning water may be exposed to the action of the tnotl fi*ret 
'ptmaee, and yat tha tin, wMeh is a very fusible metal, will remain nn- 
«fffBd. TliG he.1t vhich the fire imparts to the liettU ia immcdiatelf 
abmrbed by the bubbles (atoma) of vater which are coDvecled into 
Mud, at the boUom, and rendered lat«Dt in them. So long as the 
;HI«r is (iDutained in the liettle, this absorption coatinuea ; and it ia im-A 
mSUli that the temperature of the kettle i^m eioeed the temperatura 
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)yed," where tUe recipient of the heat is toaier,i 
he tested in many waya. Water may be hoiled in aii| 
Bhell, or in a vessel, the bottom of which, though mad 
card paper, will not be injured. That the temperatu 
an iron veBsel of even half an inch in thickness, conta 
boiling water, catmot he much, if any, above that of I 
niter, may be tested by applying the fingers to it, inuaj 
elj on being removed from even an " intense fire." 

t, the temperature will rather appear to tiicr& 
moval Jrom the Jire. The reason is obvious : — the li 
ing BO rapidly taken up and absorbed by the water,.l 
irent through the plate must necessarily be equally n 
6n removal from the flame, however, the exterior tv»i 
I receiving no further supply or increment of b 
tntly reduced in temperature ; the current throughfl 
n becomes reversed, and passes Jrom the inside ti 
tUtide. The water side being absolutely the hottest, a flj 
Kmuilibriuia is established, equal to that of tho water^ 
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■ figures 98 and 99 reprcaeot veasela of half-inch 

pled with water, in the act of boiUug over a powerful 

\ In fig. 9S, the courae of the heat is shown by the 

I passing from the flame through the hdf-inch of iroo 

rater inside, for the formation of steam. In Fig. 99, 

is Buppoaed to hare been suddenly removed from 

; the arrows show the then reverted direction of 

snt of heat from the water side, where it continues 

, to the outside, where it would soon, otherwise, 

n cooled by the lower temperature of the air. 

Fig. 99. 



1 



r. 



y t 



I Ai to the plate remaining at a safe and comparatively 

» temperature, tKere can be no doubt, seeing that oiida- 

1 or injury does not take place in iron, until it has 

d that of redness, and which never can occur so long 

■ ffater ia in contact with it. "When, therefore, the asser- 

%a ia made, that plates have been heated so considerably 

llrtbottom and Lalf-incli tliici plate was placed over a famaee, espreBgly 
WnaixA, so that it might be exposed to a laj great beat fiom a coke 
l^nreed by a strong blast ; the rapidity of the ebollition wucitreme. It 
to M arrSiDged, that it could be anildenly removed from the funiace, lad 
temperature of (he bottom iuslantlj aseertaiaed by the touch of the 

EThia waa done repeatedly, yet, on all oooasiooB, it scarcely op- 
to isre the temperMaie of boiling vuleir. 
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B plate, leaving 800° to accumulate. From thia we learn 
bow the absorbing faculty of tho recipient regulates and 
tKUitrols the tiaQsmittiag action and tcmporature of the 
plate, and the extent to which it will he exposed of being 
nndulf heated. The want, then, of free and adequate 
liieans of circulation of the water, and an unobstructed acceaa 
to the plate, so that it may, at all times, be the recipient, 
Mmj be taken as tho chief, if not the only cause of their 
deterioration through over-heating ; and wholly irreBpective 
of thickness, or the degree of heat to which it may be 
Imposed. Tho temperature and durability of the plate will 
Jdierefore be in the inverse ratio of the rapidity of the carreni 
'III heat passing through it, while such tranamitting curren* 
Tfill be in the direct ratio of the alisorbing power of the 
recipient, whether it bo water, steam, or air, or a misture 
of either. 



I CHAPTER XIII. 

[ OF THE DKAUQHT. 

' The draught, or ctuTeat of air passing through o. furnace, 
W occasioned by the difference in weight between the 
jcolumn of air within the chimney, and that of an external 
'«dlumn of the same proportions, — the "ascent of tho 
internal heated air," aa Dr. Ure observes, " depending on 
'fiie diminution of its specific gravity, — the amount of 
lanbalanced weight being the effective cause of the draught." ■ 
:Biiice, then, this levity of the inside air is the result of 
increased temperature, the question here for consideratioa 
is, how that temperature may be obtained with the least 
expenditure of fuel P 

In marine boilera, numerous eaaea oJ ie&cie'QC^ (& i.tWM§iJ 
wil] be found to arise from an injudicioua axiaa^aiawA 
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the flues, aud the conflicting currentB of the h 
irithin tliem. 

KotwithstODdiDg the importance of tlie subject, i 
little utteation has been giTen to the causes < 
curronta and deficieut draught. M. Feclet haTing ei 

mbject with great care and practical 
details are so copious, and hia remarka so much 
point, that it will be well to give them due attentii 
the more eo as the subject has not hitherto been ex 
iij any writer in England. 

long the inconveniences experienced, a proniini 
\auy here be mentioned, as being of frequent ocei 

111161;, a deficient draught in the aide or wtny 
l^ileni. 

M. Peclet obscfTeB, " Where several tubes or fltia 
into one common flue, the currents are continued li 
'their orifices, and by their mutual action affect or ; 
Jheir respective forces. If, for exanjple, two flues, 
B (see Fig. 100) enter the common flue C, by i 



Rg. 100. 



Fig. 101. 




pppoaile each otJter, the influence of their cuvrenta 
other will be nil, if they have equal rapidity; be 
the whole will pass aa if they had struck against a 
fixed between them. If, however, the currents be un 
iJiat which hag the greateit ropidif y luill reduce tU i\ 
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«r, and mote or less have the effect of closing the 

through which the latter flowed." " So many proofs 

J," he adds, "ma; be adduced, as to put the fact 

d doubt." " These streams of air," he continues, "in 

eepect, act on each other as streams of water. It is 

I7 known by the ezperimenta of Savort, that where 

streamB of water, of the same sectional area, act in 

site directions, and that one of them has even but a 

' more speed than the other, the latter ia pushed back, 

the uifluence felt up to its source. The result of this 

sion in the flue may be avoided by the Diaphragm D 

;. 101)." Such conflicting currents may be found in 

oat all marine boilers, yet pass unnoticed, even where 

draught is manifestly deScienb in consequence. 

Fig. 102. Fig. 103. 




"Fhenemena of the same kind will be proi 
me the courses of two flues are at right angles ti 
btr, as in Fig. 102. These effects may also be o^aM 
• IMaphragm D (Fig. 103)." This also ia of fr 

I, and seriously oflects the general draught, 
r be abown. 



168 



THE OOiaVBTIOK OF OOAIi 



Again, *' Where the chimney or flue is common to 

furnaces, the arrangement should be such that the 

or currents, of heated gas, should not interfere wiiih 

other. Eig. 104i represents the arrangement thatji 

be adopted in such cases." It is needless to obserfs 

frequent this state of things occurSi and how little at 

u given to it. 

Fig. 104. I 




'' So, where a current of hot products issues horizonta 
into a chimney, it maj happen that its draught would 

Fig. 105. 




entire^ dutroyed^ if the rapidity o£ «vxtt\i cvxrt«!i\^^ ti 
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pbmble, as it would then bave tlie effect of etuttiog tlia 
sLimney tiJce a damper." He tlieii describes what occurred 
(lit a 8oda manufactory, with a chimney for general draught, 
which he had to construct, and which was alao connected 
with a flue from another apparatua, as ehowu in Fig. 105. 
X& this case, " the current from the one flue completely 
beutraliaed that of the other." This he remedied by the 
•partition P. 

Again, where three fluea enter a funnel from three dif- 
J^ent points, it is eivident, he observes, that "the diaphragma 
^taliould be eo placed as to leave each current an adequate 
kection of the ohinmey," as in Fig. 106. The circumstance 
wre referred to may be found to exist in almost all marine 
'boilers. Earely, however, is the interposition of these 
diaphragms thought of, yet numerous instances of the 
derangement of the draught, particularly of the wing 
Jboilera, must be within the knowledge of all engineers. 



Fig. 106. 




t now apply these judicious practical obsGrvatlo 
s firat hoilera of the " Great Britain" ecte'w stBKHiet,«5»i 
In point. The ajraugementB of these \]o\\eTa "^a-ift ^' 
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been noticed with reference to their i 
eireulation of the water. We have now to cov ■H 
respect to their influence on tlie draught. 




In theae boilers, attention was given, almost 
to two objects :— providing the largest posaible 

fire-grate areas, and the iargeat aggregate of intei 
surfaee. As to the farmer, almost the entire an 
large boilera may be compared to an aggregate t 

Serertheiess, there was no comnueoA o? ■^^m 
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eer stated, that the wiug boilers were unequal ii 

jigfat to " .e centre ones. The deficiency of draught ii 

lacea of the side boilers will easily be accounted fob 

mining the plan of the upper tier of fluea, and t 

roue collisiona where the heated products from twenty 

r I large furnaces entered the funnels, as shown in Pig 

le £ues from the four furnaces of each wing boiler, ai 

mado to enter one common cross flue — esich thwartiz 

p«urrent of the preceding one. No, 1 being checked I 

h 2 — which crosses it at right angles — which, in its tun 

I cheeked by No. 3, and so on — the same mal-arrangi 

t taking place in each of the sixteen flues of the fot 

5 boilers. These, it will be seen, are the direct cast 

t by M. Peclet, where the products and currenl 
^ cue flue act as a damper on the draught of its precedi 

I, the joint products of the four flues of each wi 

I made to enter the funnel by a single opening 

1 is not only at right anglei with the flues from thi 

eentre boilers, but directly opposite to those of the iwibj 

I other side. Thus the flues of no leas thaH 

[fc furnaces, all entering by a single opening, are brougb 

it collision with those of the other four, and in tlM 

6 certain way to affect the draught of aU. Here w 

a combination of the evils referred to by M. Peclet. 

f the boilers of the " Great Liverpool," is i 
pgreater violation of the rules which should regulate tM 
Here, there being but a single tier of flues 
d aggregate of healing internal surface was obtainel 
be labyrinth of windings shown in Fig. 108, Plate 7. 
1 the first place, the flames from the three centre fii 
IB of each half of the boiler are forced into a single flu 
mt 131 inches wide, as shown by the arrows. Agaafc 
Be gaseous products of each set of three ceTi\,tB^\i^ 
ajid yrbicb are neeeeearily the moie -poweT^u^, a^® -niBSi 
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enter the emgle baolc flue at rigM angle 
curreut of products from t!re two wing furnaceB, bSi 
hy tho oolargeil view in Fig. 109. It is scarcely poM 
conceive a more direct case of coUieion, or a more H 
damper by the hotter and larger current Amn thi 
Daces, on tho smaller current from the two wing fit 
Id these hoilera, it is manifest that nine-tenths of the 
was produced hf the platea in connection with thefi 
aione, and hy a Rfstcm of continued foreing 
of flues being filled with dense black smoke. 

Fie, lOB. 



From 3 wing furnacfg. 



A considerable improvement was effected by const 
furnaces in pairs, as in Fig. 110. This had the im 
advantage of rendering any interference with the 
of air unneceasftry, by giving uniformity to tho 
tity of gas passing from the bridge to the flue ; sii 
firing the two furnaces allernately, tlie supply ofi 
equalised on entering the flue from the bridges. , 

This plan, it will be seen, had the disfldvontage of ik 
fiue at the back end, where, as M. Pcclet observes, th» 
or stronger current mill always neutralise the otkat 
practice, a strocg or kot current oi ^aisovia 



ABU IHJ SKimrticnr ot imou. 



173 



Wt, TobmtuJly, dinde itaelf, to meet the amngements of 
Htflua: the whole, or nearly- so, will pus either to the 
Mm or the other, in proportioa to the temperature then in 
hb flue, or to the length of the cooree each has to run to 
!• funnel. 




The pUn shown at Fig 111 exhibited a great improve- 
■mt m the former, and has for many years been^found 
tlfmoBt eSdeat in practice. 
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The piBD M in Fig 112 was adopted with t 
of diTidmg the gsBeoos prodiictB and thai apieft 
heat along a double anrface This, howerer w 
defective, in as much as a gaseous etream cannot be 





to divide itaelf contrary to the laws goveming the 
of Quids the hottest and shortest course being 
taken by the gaseo s prod icts 

The plan of a land bo ler as in Tig 113 la tl 
still more object enable effort to dmde the curr 
two smaller flues with the view of meieaamg tiia 
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mriacG. Here, the iltie, after paesiag under the cyliadrical 
loiter, and returning through a centra! flue, is expected ta 
,4liTide iteelf into two atreama, one to paaa on each aide of 
tiie boiler, on their way to the chimney. This ia tho caaa 
referred to by M. Peclet. A commission, he observea, from 
tiie Soeielc InJiutrielle of the Grand Duehy of Hesse, mada 
K series of experiments to determine the influence of tha 
«rcalation of the products of combustion round boiler&j 
Sy- tbeae it was proved, that the flue passing round tha 
lloiler had a conaideiable effect on the amount of evapo* 
jntioa. It was also established, tbat if the products ptiM 
'Bmaltaneously by tlie two side flues, they will not dislribule'' 
Henuelves egually, and mil oiili/ pass by that wlitck presmitt 
Vto leael retiafanee.* 

On the external circumstances that influence the draugbl^ 
M. Peclet adduces many proofs of the importance of avoiding 
way interference with the introduction of the air, by reasoa 
of tbe direction of the wind outside the building. This is a 
GUGiuDBtance which has excited no attention from ouf 
i«^inecra. In marine boilers, placed low down in ths 
TGmel, the direction of the wind, with reference t» that of 
the current entering the furnace, has often a considerate 
effect on the elSciency of the combustion. So, if the wind 
is opposed to the motion of the veaael or the reverse. The 
importance of this conaideration ia eiemplified where the 
TBaaal contains two boilers, having their furnaces facing 
difierent waya. In aucb case, according to the direction of 
the wind, or the motion of the vessel, one boiler wH] have a 
better draught than the other. 

* " IThfi hot air, after bnviug piiBse<l througli tLe lover part of tha 
kiiler, returns to the front by a coatrc flue, and passu to tho obinme; 
nnrallaneoufllj by two sidp flues. By this firrangement, the henting 
lUifaMa art more arajjalile, but it is difficult to divide equally tlie hot 
r«ii into the tiro ride does. Almost alvnys the current is greater ia 

tlb« oOter, sad Ike liot aJT will p«as but tKrough. <y>M. iij (^um~ 
it tnil he neceenxj to hav« le^Wca >A ^b% «ii^ "t «iu^r 
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That the relative direction of tbe wind, and tbe ti 
Oierciaea a conBidernblo influence, ia proved bj tbe 
that tbe f'urnncoa in aome vessels wiU have a i 
draught, and generate a sufBciency of steam, wheng 
Tiead to mrul, but be deficient in draught when going h 
the tainii. These circumstances merit more attention 
is given to thoni. We hear of the relative merits of 
ateamers, on a trial of cpeed, being determined by ■■ 
adrance of the oae compared with the other ; — the t, 
riority of tho former being perhapa attributed to tlwl 
of the veBselj the true cause, however, often dependii 
the better command of draught, and, neceasarily, a 1 
conmiand of steam, by which the one was enabled to m 
revolution of the wheels, or screw, more than its rival. 
B. late discuasioQ at the Society of Arts, on the aubjd 
the prevention of smoke, Mr. D. K. Clark " testified to 
advantage of a rapid, or rather, intense draught, in 
fecting combuation aod oxtinguiabing amoke," "Tliii,' 
obaervcd, " was the panacea he cooatantly held forth to 
universal prevention of amoke in large furnacea." 
Clark'a views are, unquestionably, well founded; but 
practical difficulty liea in the obtaining this 
draught," or an adequacy of draught for even i 
combuation, iu many marine boilers. 

The absolute command of draught for the generatil 
the required quantity of steam, to enable the en^ 
vork to their full power being then so esaeutial, it b 
a question whether other mcam than the natural dra 
should not be resorted to ; since, independently of the u: 
tainty in the amount of draught, and the consequent j 
gularity in the working effect of the engines, the col 
iostaining that draught may be so much in eicess of W 
an artificial draught would be. 

This branch of the subject baa excited little atteutioi 
this country. M. Peclet haa investigated it with^ 
fKre, and his results are worthy of r 
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t obaerves, "is created by tlie expenditure (j 
rand heot, the expense exceeds one-fourth of the 
mie used. If we have not tba means of otherwin 
pying that beat, tbo natural draught, by the chimney 
I admisBible. If, however, that heat may be n 
e for the purpoaea of evaporation, and if a draught 
'eally obtained, would cost less, it would then t 
Badrantageoua to uae it." 

other proofs, he givea two inatanceB whicl 
lish ths fact. One, the hot hatha on the Seine at Paris, 
ieault of which waa, that what was effected by the^ 
IT of one man alone, when the draught \rM mechanically 
sed, coat the value of seventeen men's labour when pro*' 
S by the natural draught from the heat of the furnac 
e aecond caae was tbat of a large brewery, where tha 
h employed waa that of 200 horses. In tliia instance, 
ttilator tehich employed the power of hut six horser, 
fii^eiettl to produce a draught equal to that of 50 
^ oltaitied hy means of the natural draught of th» 
a/.* 

■ then proceeds to consider the relative merits of tha 
1 descriptiona of ventilators ; and comes to the cohj 

ip, that the rotary fan with plaiu wings, but with the' 
trie motion is to be preferred. The mode recommended' 

1^ Pridenm, in his rudimentary treatiBe, otaorreB, " However 
K*ith the objects sought to lie attained may be the plan of keepii^ 
It through a. Hie, by the iastrumentBlity of a cbiumey, vhw^ 
hbrntioD only in required, as in tha case of a domoBtio gnte, or t' 

■ btuler : vheaercr, on the contrary, rapid combustion and inten 
• dsBideralum, ni^ib a eyetem can oolj ba csrricd out by i 

■ male of fuel. I shall, no doubt, excite general surprise, oi 
a Bome incredulity, when I slate that, from a calculation I anter 
M on lie subject, 1 6nd Umt 1 lb. of coal, eipended throagli the raecb 
tical Bgenc; of a steam engine, will generate mure force, and, con! 
quently, ia capable of producing a stronger current of air, than SCO lbs. 
ciisl eipended in beating a oolomij of air, to act \)3 
grarit^ Ibroagb a okimaejSS ftet high." 
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for its application is given in Eig. 114, where, by means el 
an exhausting fatly thb heated products were directed into 
the ordinary chimney shaft. 

Fig. 114. 




This opens a new field of inquiry, and which is far more 
important than any question arising from the mere relative 
cost of the natural or mechanieal draught, the best con- 
structed boilers not unfrequently being insufficient, from 
the mere circumstance of a deficient draught. 

Impressed with the importance of the subject, several 

experiments by means of a fan apparatus, worked by a small 

steam engine, were then maAe. ^3^^ ^xtssv%^\&a\^ as 

described in Tig. 115, Plate S, «iao ^Sot^^ VJaa laKss 
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f deciding many importaDt points connected with the 
mgth of run, — the working temperature in the flue, and 
fut of the escaping products at the chimney. In this Fig. 
jL Tepreaenta the hoiler, 15 feet long, with on upper ro- 
Bming flue, hating its own chimney A' furnished with a 
Bwrmometer C, and a damper D, Houldaworth's pyrometer 
K, being connected with the return flue farthest from the 
Bucace. Two sight apertures were introduced,— the one 
US, opposite the furnace, to ohaeire the action of the air, 
mtroduced through tlie door and air-box above it, aa already 
wecribed ; the otiier S' looking into the upper due. 
I To test the practicability of converting the great heat 
mici. escaped by the chimney, an auxiliary boiler B waa 
ftttadied, by means of a continuation flue E, and furnished 
'liitli a separate chimney B, with an exhausting fan F, ta 
||iKwiuee an increased draught. This auxiliary boiler had 
itsp thermometerB, to aacertain the temperature of the 
iSKaping products, C and C", and a damper D', so that the 
Wq boflers might be used separately or eonjomtly. ' 

Eiperiments with the auxiliary boiler and exhausting faa 
daaght : — 



1 Vab ordluBTj 7 
I dmuney draught) 



2161 lbs. B-ae Iba. 
15S2 1bs.l7'211l)B. 



*I0' 



The effect pi'oduced by the fan draught was thuB not only I 
to increase the evaporative power of the boiler, tdtkin 
JW, &om 1552 to 2454 lbs. of water, but to increase the J 
ersporative efl'ect from each pound of coal ttted, from 7-21 
to 9'26 lbs. within tho hour. 

|i KumerouB other experiments were made with and witb" 
Btf the fan, and with and witlioub t\»o axmUairj \ni\\at-. 
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confirmatoiy of the value of the artiBcial draughtj nnd of 
Bed lineal run of flue. 
It may here be observed, that eiperimeEts on heating 
raporating must be utterly uaelees, unless due atteiitio 
Sren by the experimenter to what baa hitberto beei 
Sglected, namely, tbe quattity of heat eicaping by 
iney ; tlie extent of the transmitting power of 
; and the ascertaining whether tbe process of 
Mtion bad been complete. Tbe above described appa 
mpiiea the means of ascertaining, and with great 
t, the evaporative valne of different descriptions of 

; 2nd, tbe effect of greater or less lineal run ; 3rd, 
mperature in the working flue, indicative of the amoui 
Int produced throughout eacli charge of fuel ; 4th, 
hgth, character, and colour of the flame ; 5th, the qual 
r required by eacli kind of coal or coke, and the i 
fective way of introducing it ; 6th, the weight of w 
(aporated in any given time, and by each pound wejgl 
lei.* 

^ In proof of the utter useleaeness of experiments, ui 

jompanied by such data, may be mentioned the elabo! 

ir presented to tbe Society of Arts foe Scotland, In 

Details of tbe several experiments, tbe diatinctions ] 

e wholly overlooked. The result was, the leal 

^erimenter was led to results and inferences altogfi 

leoDB. 

i paper was " On the evaporative powers of diilal 
' Coal;" but, neglecting to take account of. 
mtitiGS of beat or heating matter carried away o 
S the quantity of gas escaping unconsumed, or conva 

* I have given the sibiyi details, sjt tlie]' indie&te whut are the essei 

in nil boileis CDnBtmcted for experimental pnrpoaes. So deonrate wei 

result! «h«n tented by the eye, the pyrometer, and the thermoinebet, 

H bts Sir many /ears been tbe coBlom ot otBl o^raeti \a vatxrtaia bf 

boiler tbe offeative value of each deampUon oi twiV ', ' 

ageota, snperujtBadiDg the operation. 
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Bto omoke, he came to the conelosion that, " the evaporative 
lower of each kind of fuel ia ia the exact ralia ofthejixed 
wrbon containfd in each." It is needless to aay, that such 
ka inference is entirely disproved by modern practice. 

A few words here may be said on the subject of quick 
and slow combustion, as being connected with tliat of draught. 
5!he irapreHsion that a process of slow combustion is more 
Monomic than a quick process, has arisen from the fact, that 
a given weight of coal will convert a greater weight of water 
into steam under the former than tlie latter, Were the 
■ole object the obtaining the largest meaauro of heat from a 
^ven weight of fuel, as, for instance, in heutiog an apart- 
i^nt by means of Dr. Arnott'a stove— in such case slow 
LftMnbuBtion would be attended with the greatest economy. 
II In the use of coal, however, for the supply of steam to an 
I' engine, the question ia of an essentially different character. 
I It would thus be, not how many pounds weight of water 
Bay be evaporated by each pound of fuel, but how many 
founds of water can be converted into steam by the tmallest 
inantilff of fuel within an, hour, or any given time. Time ia, 
in fact, the test of efficiency. The following eiperimenta 
fill illustrate the merits of the two systems. 



™ted Wafer □■ 






Slow CijBibualioo 84 787 9-37 

Quick Combostloo 224 1363 0-08 

Now, if no more steam was required for the engine than 
l^oald be produced from 787 lbs. of water within the hour, 
*1ew combustion would be the most economic. ]f, however, 
the engine required the steam of 1362 Iba. of water ] 
iioar to work to its full and required power, then quid 
Combustion would be the most desirable, as being the moat 
efficient. 

Suppose, for instance, a steam aliip ret^viwei 'flcu*. "^ 
■beeia aboald make 20 reyoliitions pec mm>itc, aaft. ^(JaaS-v 
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produce eiicb, the ongiaea required the Bteom of lS621h 
water per hour, what compensation for the cooseqiunifl 
of speed woulil it be, that although the wheel made boB 
revoIutioDB per minute, yet economy of fael waa eecuted, ■ 
as much na caub pound of cool did more duty, in. tin) ratio % 
0-87 to 60S. 

ThuB, it is evident, tliat eooaonu/ and efficiency a 

' igooistic, — economy of fuel being waste of t 

if time being wnate of power. lu practice, tbeoJ 
1 mariae or locomotive boilers, it may be tai 

tablishod, that rapid combustioa is more eooaomie tSA 

3 tlow comhuation o! fuel. 



CHAPTER XIV. 
^«BB tubiii;a.b arsTiiu ab applied to MAnnra, 

XSO IiOOOMaTITB BOILliKS, IS ItGt'XBENOB 
CIBCDLATION OE TUB WATSB AND THE PBOCXf 
OOHBTISTION. 

■"HATHfa considered these suhjeeta in reference to, 

toilera, wo have now to esamino them in connection 
the tabular syatem. The annexed views of a locomoKl 

^and a tubular boiler will cnahlo ua to appreciate the 

^BBBpective pccidlnrities. 

^B) In the locomotive, Pig. 116, the furaooe compartmenf 

K(n^d the fire-box) is placed at one end of a long boilet 
and BO apart from the tubular compOEiment, that, 
regards the objects of circulation and evaporation, they n 
be considered in the light of separate boilers, 
, In the marina boilers, as in Pig, 117, on the i 

ry, the tubes, placed directly over the furnaces, 
^veloped in the atmosphere of steam generated, 
lising from the latter. This ia Tlrtualiy the placing one 
over aaotlior .- — a tubular over a &>ie "Qo^iw, an" 
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)U. Bj this Bmtig«iiieait, the steam gensnted from 
aee deparbaent (and vhich it necenanlf tbe largest 




iky) cannot reach the surface without paasing through 

lerous close seta of tabes, and the eteam and water 
irround tbem. 
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fluid maas is accoraplmhed hy the intetUne ewrrtnti, w 
obetnicts tliesc curreuts inuat obstruct the cbai 
temperature." Yet it would bo difficult to coDtrivd 
effectual mode of obstructing the inteetiae currei^ 
AteAia«iid water. 

In proceeding to conaider the mariiie tubular Ix 
will bo well to take ono of modem construction, and « 
Iww far its arrangemeuta are in accordance with thai 
itiona of nature, and particularij- aa to the following 



I«t. Tbs propartionB of tlie farniice. 

2iid. The diatuioe Ibe flame and heat hsTe to trsTel 

dni. The tiiue aiuUble for giving out heat. 

4th, The idmiuion of the nir. 

Gth. Tic circuLition of tho Btenm aad water. 

0th. The eflecta of the tubes, at heating aarhoea. 

Ttli. Tlie (.-conomy. 

First. — Of the prt^ortiona of tlie furnaces. A reau 
leature of this boiler is, that its entire area may 
Bidered aa one large fumoee, indicating the dependa 
this department for the supply of steam. Aa to its i 
parts, there is diaproportion everywhere. The ch 
fibore the fuel is not one-half the bIko it should 
proportion to its lengtli. Allowing a proper body c 
1 the hara, there will not be 12 inches space betw 
Uid the crown plates; yot in thia ehallow chambt 
under the influence of a rapid current through it, 
■operations of gaa making, gas heating, mising with i 
■nd combustion, are to be carried on. On this he 
Sfurray justly observes,* "As a large furnace ia 
BKperieuce greatly to facilitate the admixture of 
aid to ensure their more perfect combustion, as 
the moat effective kind of heating snrfai 

imentary Trcatiae on the Marine Ens'"'' I')' K»h 
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k^Hportance tliat there aliould be plenty ofrootn over t 
" It need only be observed, that in this boiler ■» 
the very opposite of this reeommenilation ; there bein 
^ the least possible " room over the Jires.^' 




©.of the aah-pit; although above 9 feet long, it has but 
tee depth of 18 iBches, Thvis tbe s'gaoaaj^nAJti sinyj^ 
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and below the fuel, liaTe the character of long c 
eages, causing injudicious longitudinal currents, 
teracting all the proceaaeB of nature. 

Second. — Of the distance which the flame and 
to travel. The deficiency is here remarkable, then 
in fact, but a few inches of lineal run between the I 
the first range of the tubes ; say from A to B. It n 
be aaked, what ia to become of the great body of fl 
lialf-bumed gases rising from the coal on an are 
square feet, the bars of each furnace being 2 feet 
wide, by 8 feet in length ; the six furnaces of eal 
thus presenting an aggregate bar surface of 120 squai 

Now the disposing profitably of this mass of flan 
really important question. If left to itself, and di 
plied with air, it would have extended to a distoncQ' 
20 feet from the bridge, along which course I 
continue profitably giving out beat, and producing ; 
tion. All this capability is, however, here Bacrifice 
as already shown, Aame cannot pass unimpaired, or 
guished, through a series of metallic tubes, and 
being so afi'ectcd by that subdivision which weali 
destroys intensity. 

The management of Same is, we have seen, at ■ 
an extremely delicate and difBcult operation ; here, 1 
all the procoaaes of nature are deranged. Here ia tbi 
volume of gas and £ame, concurrently with the smal 
vision for the admiasion of air for its combustio: 
greatest quantity and intensity of heat in the fumao 
the shortest run, and the least fraction of time for ii 
that heat io the plate surface. Instead of being alk 
pursue its course, and have due time for the combi 
its carbon, the flame ts here suddenly and mecl 
divided into three hiindred and sixty small port! 
being forced into that number of tubes. 

It baa already been shown that it ia essential 
existence of flame tbat its Mgfc temperoture 
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e proeets of eombtation he completed; yet the most 

1 meona of reducing its temperature, as shown hy 

. Davy, is to break U up (as is here done) into 

u feeble portion*. The result is, that the carbon of 

ta (then in the atate of flame), instead of being con- 

I into carbonic acid, and producing a reiy high t«m- 

I, by these cooling iofiuencea, reduced below that 

itioD, and then consequently deposited in the form of 

§Bmoke and aoot. The boiler now before U3 producei 

; columns of smoke of the blackest character. So 

3 the quantity of deposited carbon, that ths 

e not unfrequently entirely filled, and would remain 

Bitly choked, were it not that the fuel, becoming 

lely incandescent, and tUe bare irregularly covered, 

r then passes, and relicres the tubes of the deposited 

; filling the atmosphere and covering the decks with 

P of "blacks." 

[t to the admission of the air, the length of the run is 
i important element of efficiency in the working of ■ 
Where short tubular boilers are employed in 
JTeBsels, the only alternative for avoiding the waste by 
fc is the use of anthracite coal; and which, as it contoina 
) of tho hydro-carbon gases, comes nearest to the 
|i<x>ke in the locomotive.'''' 

\i reference to the shortness, or rather absence, of run 

k boiler, and looking to tho great body of flame pro» 

L it may be regarded as rather a fortunate circumstance, 

?es of tubes are thus interposed, as they 

I the direct means of cutting short the flame and 

B beat, and thus preventing it from passing to the 

I and funnel, and keeping them at the dangeroud 

[lerature of redness. 

^ of the Great Bi'Hain, with tubular boilare, have 'been toar. 
to adopt this deEDription of coal ; 1 000 Cons of it being put on board' 
B voyage. The boilers in this tcbmI ate on the tloM taenia*. 
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The inference is, that the tabalar boiler (accompt 
a sliort run, with a Ui^e area of fire-grate, and n 
miDouB coal) is wholly incompatible, not only with p 
eambustion, and obtaining the due meuHure of heat fin 
ibel and flamo, but eren vith attfetj, unless imd> 
influence of some such protection, or preventive, as ' 
tnbea eupply, and which as elTootnally extinguish ths 
as the patent fire annihilafor does, at the moment it 
Nuance would be productive of danger. Thia ia 
a costly and complicated mode of protecting the fi 
up-take. Nevertheless, it hna that effect, though a 
different one from that which had been contemplated. 

Ab illustrative uf the want of system in this Bial 
nay be mentioned tlmt a land-engine boiler vas inade< 
time, ou the ordinary flue principle, but in 
loaition to that of this tubular; — the land-boil&r h 
~ the marine-boiler having scarcely any 

le former, the flue, after paasing under the 
mtire length of SO feet, was led round it to ths ehi 
thus giving a run of 100 feet lineal. By this means lu 
surface, hut distance and time were secured for obt 
heat irom the gaseous products, and transmitting it' 
water. In this TOo^-ine-boiler, on tiie contraiy, bym 
fche short run, both distance and time are sacriSced, ai 
lequently heating power lost. It would he difficult, thl 
to reconcile the principles on which these two boSea 
donstructed, seeing that their arraugements were i 
direct opposition to each other. Bithertho one orthet 
must have been altogether erroneous. 

Third. — 0/ the time allowed for giving out heab 
ptsiiion of time and distance being so directly o 
■whatever influences the one must Lave a correspc 
effect on the other. "When, however, we consider thl 
time or interval that can elapse between the passing the 
£x>m the furnace, and its reaching the tubes, con be i 
»maUJracHon of a geccntd, BU^maat "yw ■rfno'i^ \b 
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ingcut the heat from ao enormous a bodv of flame. 
I respect, then, the marine tubtdar boUer ia pre- 
Hy defective. The consequence is, that the gene- 
f steam is :^OBt eiclosirel; confined to the re^on 
joe, and the direct radiated heat from the flame 

—Of the admution of air. No provision whatever 

t, apart from that by the ash-pit. The munifeBt 

h an arrangement nill be beat nnderatood by 

g to the utter impossibility of the 300,000 cubic feet 

Required for the gas, together with the 600,000 cubic 

K the coke from the three tons of coal hourli/ consumed 

rfl, to find access through the body of coal resting 

—Of the cii'culation of the tcater. In tliia boiler 

1 done in aid of the circulation, hut much, 

y contrary, to embarrass both its ascending and 

ing cnrrentH. Thia is even aggravated by the 

stance of the water space, at the back end, which in 

[ ioiZers, as being the coldesi, and farthest from the 

, and moafc favourable for the descending ivater, is 

t the hottest ; the great body of flamo being projected 

^Bctly against it at C, and therefore most unfavourablo for 

But dcBoending current. 

(i feth. — Of the tuhet, as heating surface. The value of the 
Mmb, in a locomotive, arises from their presenting a larger- 
l^regate of internal heating surface for contact with the 
pited gaseous products — these being chiefly transparent 
tubonic acid and oxide, and in all instances free from smoke 
l^cwbonaoeous deposit. In the marine tubular, however, 
there coal is used, and no such transparent gaaeous produots 
tnat, but on the contrary, where there must bo always a I 
luge volume of fuliginous gas and flame, the tube system if 
ll^ inapplicable. 
HBSepting the tubular principle in marine boilers, it was i 
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n equally elTectire and unobjectionable as in tlie loccA 

I. This inference was drawn, however, without ti 

) account the chemical difference between the n 

lutuminous coal, in the one case, with its accomponimen 

9, flame, and smoke, and of coke alone, in the other, B 
D which none of these exist. Neither was it taken !■ 
Boount, that in the locomotive, the draught, and thej| 
Kntial volume of air introduced, woa obtained by art^ 
id WQH therefore always sufficient and under coutq 
^Jiereas, in the mariuo -boiler, the required draught o 
bly be obtained by a great espenditure of fuel a 
B fact, by heating the funue!, 
I Seventh. — 0£ economy. In the use o? fuel in tbisbi 

Tnomy is out of the question. The great supply of BM 
knng generated from tbe radiated heat and impact oi 
me in the furnaces, the system of forcing thejirea le» 
n ahsolute essential ; the greater the weight of coal ci 
I given times, the greater being the amount of avail 
me produced, 
k As to economy of space in limiting the length of the bod 
6 often deceive ours elves, since what is apparently Si 
t all gained. Plue-boilera are comparatively low, bi 
g much of the coal supply to be placed over them. 
Bay be done without inconvenience or risk ; often, ii 
h comparative advantage, the coals bo placed thus ai 
■Dg the accumulated deposit of the Sne-powdered part, w 
tkes place at the bottom of large bunkers when i 
irbed, and from which that gas is generated which t 

a found to ignite in spontaneous combustion. 

toilers, on the other band, are necessarily high, extend 

B the deck. The consequence is that stowage forfl 

1 must be provided elsewhere, by appropriating a portT 

'S tbe hold to that purpose. 

' In the boiler now under consideration, the 360 tubes J 
laced in vertical raugea, 15 \iv eQc\iTa.ti^fe. \'t ^» u 
to repeat that the tubea,mtansea6^eet'mV«v^'(,,ti 
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ifiikble ; rinoe the lower ranges are the firat occupied 
eing the hotteat, with an accelerated current in proper- 
as their area ia diminished. 
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further disadvantage of the marine tubular boiler is, that 
MB no plMceforthe depoait o€ aoot) «asidL,^:^^^^vc!L^ 
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other matter which accompaiiies the use of coal ; c 
or Bediment nbich is fouod both inside the tubes as ^ 
outaide of them, in the narrow water-spaeeB. The n 
is, that all this matter accumulates in the tubes and bi 
of the amoke-boi, requiring constant attention forits K 
Again, to facilitste the removal and the clearing the ti 
^Che entire front of the boiler at D, instead of being « 
!ue-boilers, is occupied by a series of don 
t high, and which, as they are so liable to be over-hei 
iad warped, admit much air, often ignitiag the imconsi 
I which has passed from the furnaces, und sending 

) to the up-taie and funnel, keeping them a 
H temperature, as was the case in the steamer " ^ 
ff-heating these parts which were under-deck, and ¥ 
D means of extinguishment was available. 
f A practical iUuatration of the disadvantages of amalltu 

B afforded in the boiler of the steam-vessel, the " 
6 which, for the expresH purpose of deciding the queri 
ftte-half the boiler was constructed with tubes of 3 il 
hmeter j the other having enlarged tubes of 7 by 6 in 
B shown in Fig. 120. 
The result was, that for years no repairs whateTer'l 
squired in the latter, while the former was a con 
r annoyance and cipenae ; besides that, it w 
Bective as a steam generator. Many of the small t 
d to be renewed ; the water spaces were liable to be S 
Kth incrustation ; and the face-plate, in which the t 
e inserted, required to be drawn in, and the tubes bi 
rivetted ; innumerable patches and additional bolts werefij 
time to time introduced to secure the back face-p1ate,| 
preserve it in its place. 

Here also was a practical confirmatioa of the factj tl 

mere circumstance of haying a larger aggregate surfa 

no effect in producing increoseA eva^omtion, 

surface of the small tuhea, in tW one-Vid (A'C<ia>i«is«,\i 

^tmble that of the lari/er ones mticve oftvcT^aM. 
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utaBoe of tbe denis to obtain • large aggregate of 
I anrfaoe, bat withont due coiuideratioii as to ita 
.vaOable or brought into operation, waa sbown, in the 
jBtitution, in a vesBel of great magnitude, of a tubular 
le boiler; a change, however, which wbb the reverae 

Kg. 121. 
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of being beneficial. This boiler, as represented in the 
annexed figures, was not less than 18 feet 6 inches higk 



Pig. 122. 
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This maj he called a trifle I)oiler — one jlue^aiidtMsot'^iSy^klarc. 
Looking to the courses 'wViicVi t\ie s\«w£l «BEA.'«^^«t\i»^*' 
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in this boiler, it would be difficult to OBtimate tha 
amount of obstructions which each would have to en- 
counter, or the inipedimentB interposed to their respective 
functions. 

Afito the general characteristics of marine tubular boUerBj 
l£r. Murray, in his recapitulation, places them in strong 
contrast with what he considerB the most important re- 
qiueites, and which he enumerates aa follows : 

" let. The boiler should be designed with a sufficient 
amount of heating surface, so contrived, that aa little of it aa 
Jjoseible may be rendered ineffective, either from the reUn- 
*ion of tleam in contact with it — from the formation of scales 
^tbia — or from the deposition of ashes and soot i 
liottoma of the flues and tubes." Now, the tubular sj 
vihere coal is used, ia in direct opposition to all these condi- 
tions. 

" 2iid. The fire-bar surface should be sufficiently lar 
admit of the necessary quantity of coal being consumed 
thin open fires." The policy of this condition, of thin open 
fires, may be correct, where the boilers are sufficiently li 
and the consumption of fuel slow, as in the Corniili boiler j 
bat ia inapplicable in the marine tubular, which, by r 
of tha abort run, and the necessity of throwing so much 
duty on the furnaces, involves the necessity of hard ^ring 
and the forcing system. 

" 3rd. That the proper area be maintained through the 
flues and tubes, aud that the passage to the chimney be 
BUeb that the draught be not interrupted." In the 
tubular boiler, the loterposition of the muss of tubes ia 
peculiarly iustrumental in checking and interrupting tbtt 
draught by their coobng and other influences, but without 
wbicb, aa already shown, the funnel would be Jcept at a 
red beat. 

"4th. That fhe fwrnaeei should be roomy, aud that t 
fires should nob be larger than can be couietvien.'si.'j ^X^StfeW 
S^eee conditions as juet sliown, are the Net^ teseMft ol'^ 
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exists in the marine tubular, more especiailj the & 
enjoining n roomy furnace. The last head of this recapi 
hition is, however, as follows : 

'' 5th. Which is, perhaps, the most important of all, i 
the one most neglected, that experienced and careM f 
men be provided." Now, what the duties can be wl 
demand such care and experience as to make this condit 
"the most important of all,*' is however, not intimated,! 
never has been explained by any writer. It is, indeed, mud 
be feared, that the general insufficiency of boilers, caused 
the absence of many of the truly important requisites, 
too often laid to the account of careless or inexperien 
firemen ; yet, it may bo taken for granted, that if any da 
are required, beyond those of the very simplest charac 
and which can bo taught any able and willing man in 
hour, there must bo some moro serious mal-arraugen 
than can be remedied by any amount of care, skill, or ea 
rience on the part of the fireman.* 

This is the more entitled to consideration, seeing, tha 
the above recapitulation, nothing is said of that whic 
really the most important requisite, namely, the provii 
for the admission of the air to the gas generated in 

♦ Where the air is properly introduced, the duties of firemen are all 
tained in the following instructions : — 

let Begin to charge the furnace at the bridge end, and keep firii 
within a few inches of the dead plate. 

2nd. Never allow the fire to be so low, before a fresh charge is th: 
in that there shall not be at least four to five inches deep of clear, ii 
descent fuel on the bars, and equally spread over the whole. 

8rd. Keep the bars constantly and equally covered, particularly a4 
sides and bridge end, where the fuel bums away most rapidly. 

4th. If the fuel bums unequally, or into holes, it must be levelled, 
the vacant spaces filled. 

5th. The large coals must be broken into pieces not bigger than a o 
fist. 

6lMy, Where the ash-pit is shallow, it mtist be motefcoc^v* 
out. A bodj of hot cinden ovecheat pa^ Vmm ^9m \me«« 
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lEce clininber. Tet the great question of perfect 
irfect combustion inyotvea tLe providing; tb? relatiw 
tmea of air and gaa. How etrange, tliat with our preseafe 
Irledge of the cbemistiy of combuation, so much sti 
Bd be loid on mere qaeationa of proportions, while tl 
\ point, the primum mobile, ie neglected, ^— 

1 the inadequacy of the short boiler, short ruu, anj 
fc time for the performance of its several functions, Mft 
nj judiciously observea as follows : — " Superior 
my of lar^e boilerg. Hero ariaes a principle 

a the use of boilers of ample capacity to geno- 
nteam without the Srcs being unduly disturbed 
K believed, that on this ground alone, can the aUegdd 
■iority of slow over rapid combuatioD, be maintained.' 
JS can be no doubt on the auhject. The true correctiTe 
■ of tbese inconveniences consist in letting the size of 
TfcQer and its parts be commenaurate with the demand 

liUostFation of the want of any fixed principle for ths' 
I arrangements of the several parts of a boiler, it 
) mentioned, that during the I'arliameutary inquiry 
e Bmolie nuisance, engineers insisted on what was coq*> 
d the main essential, and which is the reverse of thfr 
ntpractioe, namely, that boilers should he large enough t 
b waste, injury, and tlie smoke nuisance, i 
r results of making small toilers do the work iff 
f meg. 

nd by the value of space in marine vesaels, engineew 
Bliowever, no alternative. In the arrangement of thft 
|b erafficient space ia not allowed ; all considerations are 
Klo yield to large holds, or large paascnger accommoda^ 
pfhile the boiler, the very source of its power, ia shorn 
I necessary proportion. Into the short space of tea 
e inches, the marine boiler we have just been con- 
Jpt above 300 horse power) had literally to b« 
le inch to spare. To tVia BVoi\iQ.eaft,'Oa^-» 
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I, in tbe boiler, ia attributable tbe violation of sll tij 
IWB of nature in working out the procesiiea 
.orouUtioD, and evaporation. Engineers are required I 
jttHiBtruct Btnall boilers to do the work of large engine*, ■ 

of whicli hue been bo well illustrated hy Mr. F&ii 
% bis late publication. Under these imperative l 
tions, they inconHiderntely turned to tbe plan o 
tivo. The owners of steam vessels will in I 
tlieir error. It is, howuver, unreasonable that li 
firat be imposed on the engineer which are J 
with efiiuieucy and economy, and that he shoiu 
;ondemned for not providing the due quantity 
and the required amount of pressure ; 
lllMTy a consumption of coal ; the frequency ( 
fumace-platcs ; the waste of fire-bars ; 
Buisance of smoke ; and tiie rapid deteriorate 
boilers themaelvea. 

Tlie consideration of tlieue results lead to the coucJUl 
1st. Tbat the system of numerous small tubes is I 
erroneous, both with reference to the carrying and tra 
ting the heated products ut'^ /tin them, and to the currt 
itteam and nater outside them. 2[idly. Tbat tbe { 
the mass of tubes above the furnaces and flues, i 
the application of the tubular system doubly vicious, b 
interference with the functions of the steam and y 
tbuB directly intercepting and obstructing their rising I 
descending currents. 3rdiy. That the short boiler, witia 
abort run system, is directly opposed to the operara 
of nature, as regards the mixture, heating oud comM 
tion of the guseoua portion of the fuel, witb the 1 
large quantity of atmospheric air which is abaolutely j 
quired," 

* Mr. Cnuldock olservea, "lain bonad tu aay, that Mr, WiHil 
[iliin meets the <ioLditioii8 which chemistry i«qmrea (or perfect M 
better tbui any other with which I an aeqnaioted. 
apoa tbe principle of miiiug tlie gas i 
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g^CE tlie appearance of tbe first part of tbia treatise, 

wwicg tbe neceeaity for admitting air to tlie gases | 
rated in the furnace, apart from that admitted by the ash- 
pit, numerous patents hare been taken out for effecting that 
purpose. 

With tiie view of obtaining credit for originality, i 
have attracted more attention than those which assumed 
that tbe air introduced iraa to bo heated, and that it would 
thereby become more effective. These plans, however, do 
not merit notice, either on the ground of tlieory or practice. 
It is rigiit, nerertheleas, that the public be put on their 
gunrd against being misled by the many plausible tbeoriei 
connected witU this hot air system. 

Among the devices by which the public have been led 
utray, may be mentioned, the use of boUow bars, auppli 
mental Hues, calorific plates, self-acting valves, double gratesi 
heated tubes, and such like contrivances, — some of which 
have already been noticed, — overlooking the fact, that the 
whole ijuestion, as regards furnaces, and the best use of 
fuel, depends on the bringing tbe solid and gaseous consti- 
tuents of the cool and the atmospheric air together, in the 
proper way. 

When these so-called inventions came to be examined, it 
was found that they were incapable of imparting any sensi- 

ittsofair. TheaeianunieraliUBmalljetu, byrea^iaoHWumatenai^^uuI 
taupf^telj aiiliigirith tbe atoms of ihe coiubiTUiig£aaeB,m'aiA.\Ati&'KcA^^ 
B ba wtU oaieaSated to produce that iulimat* «i\iiE\iaa"«^™^ dn«BJ«l 
wmtto he oAaoluU/u atet-tstirs/." 
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ble degree of lieat to tlie great volume of air required. 
they were, in fact, but so mauy proofs of the ingenuity 
their respective advocates, and of the ease with which " 
public may be iciposed on ; and that the announcement of) 
Bcheme for conauming, or preventing smoke, by the UBe 
hot-air was a mere professional and ad captandum 
baaed on no principle, justified by no proofs, and supj 
by no chemical or practical authority. 

The idea that there was some undefined value in tho 
of hot-air, originated in the hot-blast system i 
facture of iron. The principle or process by which iron 
be melted has, however, bo little relation to that by 
the combustion of the coal gas in furnaces is effected, thlt 
no analogy whatever eiiats between them. 

To show in a still stronger point of view the deception 
practised, either on themselves or on others, it may be 
observed that it ia not to the cohe or incandescent part of ■ 
the fuel on the bars that these patentees would apply thu 
hot air, (as is done in the iron furnaces,) but to the gaset in 
the furnace chamber, where the great disproportion betweoi 
the relative bulk of the air required, and the gas, ia alreadyso 
obstructive of rapid uuion and combustion, and one of the 
great difficulties to be encountered. 

"With reference to the use of hot-air in boiler furnaces, no 

I jsquiry appears to have been made, either aa to the tempe- 

ire to which its advocates would raise it; or eren 

whether, by any of their plans, it would be heated at aH 

U there was something so plausible in the enunciation of 

■ plan "for consuming smoke by means of hot air," that it 

a listened to by many who had no means of investigating 

Its supposed merits, or detecting its fallacy. 

The first question for inquiry here is, what would be the 
effect of heating the air before it would be introduced into 
the furnace? CAeniicall^, go cWo^e Voiijsse.^ Vi ^Se 
Mechanically, however, lui im^oitBaA Oiiwa^a V;ili*a "^lasa, 
^■ife tiiat ita already '\*'«i»^43 ■^'^^'^Hia "w. ^ii 'baiites 
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increased. Thus, if a cubic foot of air be heated oue addi- 
tional degree, its bulk will be increased ^^^y part ; conse- 
qoentlj, if heated by an addition of 480 degrees, its bulk will 
'be doubled. 

Let us then see if any effect be produced on its consiUu- 
miU bj this enlargement of .its volume. Let Fig. 123 re- 
present a bodj of air at the temperature of 32°, and weigh- 
ing 36 grains, viz., 28 grains of nitrogen, and 8 grains of 
oxygen ; these being the proportions as they exist in the 
atmosphere. 

Fig. 123. 




Air at 32* = 86 grains = 28 nitrogen, 8 oxygen. 

Again, let Fig. 124 represent the same tceight of air, 
heated to the temperature of 32 + 480 = 512° ; its bulk 
being then doubled. Nevertheless, there are still but the 
88me relative weights, viz., 28 grains of nitrogen and 
8 grains of oxygen, aiid no inorc. 

Fig. 124. 




Air at 32° = 36 grains = 28 nitrogen, 8 oxygen. 

Now, as the e£Biciency of the air in producing combustion 
and generating heat is not in the proportion of the lulh^ 
\nA of the weight of oxygen it contamE, nQtioix^^ Va& boon 
pdaed by eucb increased tempexatuxex yiV^^ ^ia^ «9i 
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pnctiuul disadvantage baa been tDCurred — that An 
voliiiae of air must be introduced into tbo furnace; 
courac, double tUe draught muet be obtained beE 
same quantity of gaa uau be consumed. 

Tbe practical inconvenience of enlarging the vol 
the air by heating it ia easily Jluatrated ; for if the 
of 800,000 cubic feet of air, at atmospheric temperal 
required for combuBtion of one ton of coal, it would 
that of 600,000 cubic feet if raised to 512°— a Tolumi 
no natural draught would be equal to. 

Sir H. Duvy eajs: " By healing ttrongly ga»e» th| 
with difficulty, the continued inflammation becomes 
Thus, us they are more easily inflamed when hot 
we have thia testimony in favour of heating the gat 
tbau llie air. With reference to beating the 
thus expanding it, Sir H. Davy does not appear t 
attempted it; but hu has done what was more to thi 
—lie tried the eifect of condenting it. Professor ! 
says : " Sir H. Davy found considerable difficulty ia 
the experiments with precision ; but be ascertain^ 
both the light and heat of the flames of sulphj 
hydrogen were increased in air condeagedfo 
is decisive against heating the air, and in farour rsl 
condenting \t.* 

If, as already shown, by heating the 
enlarge its bulk, and reduce the weight of oxygen i 
cubic foot, we as neceHsoiily diminish its 
furnace. Under such circumHtanceB, the only altet 
would he the increasing the draught, to compena 

* Mr. David Hnaliet, in a letter on the hot ajr TilUik;, ntill d 
)ieaple fijing tu prodaue "a great reToIutiun in ti&aa 
bj applying bot air to the mare combUBtiun of coal ; 
question at once whan he sajs, "The vaiao of draH 
mmbiiatiaD ii ao nndeiiiably eglabliabed, tbnt ve ehould liu bettor to' 
telid^ il, ia eoatut witlk combiuftUiVa tqhAAasc, 
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quantitj for dimiuialied weiglit. Wure it possible 
te air without causing any eolargetuent of its bulk, 
Id then be in a position to decide ou the relative 
f air at any given temperature. As, however, that 
eible, it ia indisputable that we gain nothing by 
the air, more especially when we do so by the 
means of taking heat from the very furnace in 

was to be used, while we should seriously eni- 
lurselvea by having to increiiae the draught, and 
juld only be done by eoine mechanical blowing 

the physical difficulty which heating the air 
Krcate in the preUminary operation of mixing : the 
a gas being thrown at a greater distance from each 
R the enlargement of the bulk of the iatervenia^ air, 
^- -- 'he annesed fignrea. 



large circlen rupreaunt 

air, and the small black 

se of the gas ; eae!i of 

being in contact with 

S former, equal to ten 



18 represents the same weight of gas aud air; 

difference being, that the air is aiiown with its 

Tolume consequent on ita increased temperature. 

truly represented what would occur by beating 

I atoms of gas being thrown so much further 

consequently producing a corresponding difficulty 

that atomic mixture which is the main requisite 

ition. Thus, in whatever point of view the subject 

id, it ia manifest no chemicol oi ^ia.at\i^V ^Qcid. 

'ted by Jieatiug the air. 
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The use of hot aii- harmg engaged the 
jii. Frtdeaui, in coimectLOn vMi Bome department! 
unnuracture of iron, he endeavoured to reduce bii 

practice; hut candidly admits that "h 
tuetv not realised." His ohservatious, howci 
ilia treatise already referred to, are bo concluaiye f 
ihe use of hot air, and ao confirmatory of what 
nboTe, that it can only he a matter of aurprise he I 
liave lent himself to the hot air fallacy. 

He correctly observea : " There is, no doubt, i 
contained in the products of combuatioa from a 
weight of coal and air beated before ignition to 720' 
would be contained in tho products of the aame quai 
ij/ weight of gasea ignited at the temperature of 60°. 
we take given measures, however, instead of given u 
the caie is reversed.'" 

This is the whole case of tbe furnace : it is i 
,mefstf of the air introduced, but tW lueigTtt tat at^i 
cubic foot that -nilLJaSUBfift ^'^^ &mowA, , 
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.tod. Sis reasoning throughout is '' in exi)lanatiou 
> effect of hot air in diminishing the heat of the 
ag chamber of reverberatory furnaces," and he might 
; fortiori in the furnaces of boilers, where no aid could 
.d from mechanical draught or pressure, to counteract 
fEect of that increased volume which heating the air 
1 produce. 

;ain, lie observes: "Whenever I took any steps to 
t this object in the puddling furnace, I encountered 
fact, that precisely as my arrangements for heating the 
became more perfect, did I destroy the draught through 
fuel, deaden the fire, and lessen the yield of iron. This 
xpected result I attributed to the rarification of the air 
ibe ash-pit. When the atmosphere is 60^, air is double 
volume at 568°. When thus rarified a muck smaller 
mtity will j>ass in a given time, under the ordinary 
'ssure of the atmosphere, than would pass were the air at 
^, and, consequently, of double the density. The result 
a greatly diminished draught, and less intense com- 
stion; and it is to not having rightly appreciated these 
iditions that the numerous failures which have been 
ntrred in attempting to apply heated air to furnaces, must, 
part, be attributed^* 

Seasoning cannot be more correct, and at the same time 
)re conclusive, against the error of attempting to increase 
3 efficacy of the air, in the combustion of coal gas, by 
ating it. 
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CHAPTER XVI. 

ON TU£ INFLUENCE OF TUE WATER QENEBATEi) IN 
NACES FROM THE COMBUSTION OF THE HTSBOGXV 
THE GAS. 

Already many prools have been given of the inji 
results of the tubular system, where gas and flame have 
be dealt with. There is one other circumstance still to 
mentioned, and which demands particular attention, 
— the generation of a large quantity of water in fumaoei] 
which coal gas is produced and consumed, and which, 
in the form of steam, becomes the largest product of 
combustion. 

In the ordinary use of coal gas, the presence of tUil 
water of combustion attracts no attention, — generated as it' 
is in small quantities from the flame of each separata 
burner. From the enormous quantity of gas, however, 
which is hourly generated and consumed in large fumaceSi 
the great quantity of water formed will be found accom- 
panied with evils of a serious magnitude, unless due pro* 
vision be made for its disposition. It seems strange that 
the numerous writers on the construction of boilers, and 
the combustion carried on in their furnaces and flues, should 
have omitted all reference to this great quantity of water, 
and the important difference in the mode in which it is 
disposed of, in flue and tubular boilers.* 

* It appears, by a paper read at the Institution of Civil Engineers, 
June 13, 1843, that in consequence of the serious injury sustained by the 
books in the Library of the Athenaeum, London, the attention of Mr. 
Professor Faraday, as well as of other scientific members, was drawn to 
the subject of ventilating the lamp burners. The result was the adoption 
of A system f by which the water, and oIIdlqx ^xo^vxh^Xa oi >^^ ^\s^raaiAtts».^ 
the gas, are effectually carried aw^^r. •SVift ^^ml qodi»< 
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t of tliis great quantity of ivnter being produced 
of no doubt. Bituminoua conl, we bave Been, con- 
n 5 to 6 per cent, of hydrogen, and as each pound 
togen, in corabuation, combines with 8 pounds of 
heric oiygen, the product is 9 pouuda of water. 
andred weight of coal, then, containing on an average 
Is of hydrogen, the product will be nearly 50 pounds 
Thus the gaa from each ton weight of coal will 
I about balf a ton weight of water, in tie form of 

i the coal gas is generated in the furnace, the first 
I towards its corobuation is the union of ita 
I with the oiygen from the air, forming water, 
hemical union, as already shown, produces that 
heat which raises the other constituent— the 
to the temperature of incandescence in the form of 
visible flame. It is this beat which, on being 
to some solid body, as charcoal, or lime, produces 
ordinary luminosity exhibited in the oxy-hydrogeu 
)e. 

rater thus formed, flies ofi' in invisible radii, from 

>f the flame, and witli the eiplosive force due to 

I temperature. The presence of this water may be 

nble by approaching any cold polished metallic body 

^blade of a table knife), near to, but not touching, 

) of a candle. The previously inviaible radii of 

iSll then be seen condensed, like moistuiej on the 

surface. 

ia may be exhibited on a larger scale by holding a new 

ettle of cold water, with a bright bottom surface, one 

ro inches above the glass chimney of an Argaud gaa 

K The water of combustion will soon appear con- 

L 



^s cjlinder, larger and taller than tha ordinnrj one, over it. 
EIabb U closed at the top, and the produola, passing downwards 
ghases, are earned away by a metal tube to the eUmne; 
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densed ou the bottom , in presence of, and as it w 
defiance of, the great heat to which it is exposed. Tl 
continue until the water in the vessel reaches a tei 
ture of 80°. 



C4 







By the apparatus shown in the annexed Figure 12 

water may not only be condensed, but collected. It c( 

of a tin vessel, a, about four feet long, filled wit! 

water: — the flame of a large gas burner b, and the ', 

products passing through the ftue o. ^^aigat\j yd? 



e otm 
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I j>, to favour the escape of the condensed water of 
P)ustioii. 

3 flame and otlier products of the gas heing directed 
igh the flue, the eteam will be condensed within it, and 
9 vater will continue dropping from the lower end into 
D veBsel E, US long aa the flue remains sufficiently cold ; — 
B other products passing off by the funnel, and at a very 
IT temperature. 
I This process may be continued for any length of time 1^ 
ing some ice in the water to keep the temperature of the 
a BufSciently low to promote immediate condensation of 
B steam. Here the flams appears literally converted into 
, these being the only two of its products that are 
hSble. 

pit is now to be considered, how is this gi-eat volume o 
a to be disposed of. 

I boiiera on tlie flue system where there is suiEcieut 
, this steam produces no injurious eflect, by reason of 
fc liBviiig space to eeparate itself from the flame, as rapidly 
a generated. 

u the tubular system, however, the injurious influence of 
I mass of steam is serious and polpahle. Instead of 
ing away in a flue, with a sectional area of 8 or 10 
e feet, it la forced by the draught into the hundreds of 
D metallic tubes of but two or three inches in area, and 
B brought into immediate and even atomic contact with 
I flame, Jrcnn which it had jugt hecn separated, — both 
iggling to enter their narrow orifices at the same 
The immediate and inevitable result of this com- 
jory mixture is, the cooling the atoms of the carbon, 
Hjjich gave luminosity to the flame, and its consequent 
iguishment, precisely as the steam formed by the com- 
. Phillipa' fire annibilator acta on flame, when 
ight into contact with it. By the tubular system, the 
i bod^ of steam being thus mec^iao^ca^i^ cam^^fevs^ 
it the eloseet possible contact witli tW Supob oii. ^cK-eras.^ 
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louths of the tubes, is compelled to act the psrti 
inuihilator. 

It is tliia artificial miirtiire of the dry carbon wj 
I Bteam that forma tha ROot; iucruatatioD in the 
I the tubea, fliies, and chimnoy. Were it Dot for the pi 
I of thlB steani, the dry pulverulent carbon, each ai 
loollected on the wick of a talluw candle (where tht 
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Ma, pasB off rapidly by the chimney ; forced, however, 
sontact with the steam, a black, pasty, non-conducting 
18 formed, adhering to whatever it touches, and soon, 
the heat, becoming hard and solid, 
need scarcely be ohaerved, that nothing of this kind 
rS in the tubes of the locomotive ; no hydrogenous gas 
J generated — no ateam of combustion formed, imd, 
jquently, no carbon or soot deposited. 
le provision which nature bos made for the immediate 
ration of the water from the heated flame may be 
led in what takes place in the flame of a eandle. "When 
to themaelvea, the several products of the combustion 
le gaSj rapidly and effectually separate, so as not to 
■fere -with each other, or reduce the high temperature 
'bich perfect combustion and luminosity depend. 
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of tbe briUiant incandeEcent carboo. Outside thiB ^ 
exterior, aad formiog a BOmi-tranaparent film of one-te 
on inch in diameter, may be obaerved the vertical atre 
carbonic acid gas, the product of the carbon ; while ti 
the other constituent, the hydrogen, 'were it viaible, ll 
be Been flying off in radii, until absorbed into thct; 
rounding atmosphere. 

The anneied Fig. 12.S will represent a ' 
Fig. 129 a cross section of the Some ; i 
carbonic acid, and b the radiating steam. Instea 
imitating this process of aature, in keeping asunder t 
seTerat products (carbonic acid, nitrogen, and steam), if 
would neutralise ench other, we force them into tha | 
unnatural mixture and union, regardless of their cheo 
action when brought into contact. We here Bse 
Absolutely neceaaary it is that in every stage and [ 
lombustion we keep in view those truths of nature l 
piemistry has ao clearly indicated. 



CHAPTER XVII, 



I This branch of the subject has hitherto been ent 

arlooked. Inquiry has shown that the mere providil 

e internal surface will not suiSce for taking up the! 

merated in large furnaces ; and tliat, to turn to a 

any portion of that which, under the beat arrangemo) 

now absolutely lost, we must look to other means tha 

tu bular system. 

^K The question for consideration is, whether an iron] 

^|bnot be made to transmit niore^e!A'^*i«'fl»S«E'ft 
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I its mere superficial nres. From vhat hns been 

f the slow rate at which the air eotere the furnace, 

teehaniealli/ divided into jets or Jilms, we are not to 

Ehat the gaseous products, when raised to a high 

hiture, witJiin the fttrnar^e, would paaa through the 

\ the same slow rate. On the contrary, we find those 

I are hurried along the face of the plates at a 

rablj increased velocity. This it is which calls for 

led means of transmission from the heat to the water, 

arger engine powers are employed, and more fuel is 

d. 

: the most favourable circumstances of boilerEi, a 
ffortion of heat will bo lost than wonld be required 
" ©ly producing the necessary draught. Esperimenta 
Hierefore, made with tho view of counteracting this 
1 of heat, and wliich established the fact that it 
uible, to a certain extent, to increase the quantity of 
inamitted by any given surtace of plate. It is 
1 plate, 10 feet by 10, equal to 100 square feet, 
he same amount of surface area as one of 100 
mg by one foot wide. As a steam generator, 
•, the effect would be very different : — the lineal run 
i traTelied over being as 10 to 1, and occupying 
mds of time in the first, and but one second in the 

1 the gaseous products of combustion are earned 

r tubes, this lineal current passes at right 

tie line of transmission of heat through the plnte, 

Irever, we lieafc one end of a rod of iron, a largo 

[ power is brought into action, the heat passing 

tally along its fibres. I^ow this is the power that 

a here rendered available. 

y of the conduotinff power which a metallic 
Biod may have, it poaseaaes then a receiving power, 
^tiion is due to its mere diameter. 

S so iron or copper pin of haVt an mc\\ ivs.xwe'v.ei, 
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^^m inBertod in a p1at«, and projecting into the flue thrte 
^^1 ieyondilt surface, and aerofs the current of the heated pro&H 
^V In such case, tlio portion of bucIi plate occupied by it 
ba equal to a disk of but half an Such in diameter, vciiilet 
pin itaeif will present a heat-ree«pi»y surface of 4^ ii ~ 
By this menDs wo obtain an effective hsat-reeeiving au 
nine times greater tbnn the area of the plate which tbep 
occupied. If, tliea, a aerieB of these conductors be iuaert 
in the flue and furaace plates, there will be an incmi 

» effect from the circumstance of the current of the bnt 
products heing directed against them, instead o( passing <lla^ 
the attrfuce of the plate. 
The popular impression that the three-legged pot 
sooner tlian the ouo without legs, though it passed U 
fable, was, nPverthelesB, a true one, — the legs acting Ik 
part of beat-conductors. This was tested by having alaij 
pitch-pot constructed with twenty lege instead of 
the bottom being thus furuished with so mauy projectii 

t conductors, each six inches long. The result was, that piH 
OF water was more rapidly boiled in this than in on 
the ordinary kind. Tho principle of projecting heat 
iluctors thus was shown to bo entitled to attention, andj 
practically available. j 

The following experiment is illustrative of the increuM 
evaporative effect produced by the conductor pins. In I^ 
130, Plate 9, 1 and 2 ai-o tin vessels containing the saint 
quantity of cold water, 1 being furnished with the CW- 
ductorB made of -J- copper wire, and two left plain; • 
thermometer, 4, being suspended in each: 5 is a verticil 
flue, through which the products from the flame of > 
large gas-burner passed. Fig. 131, Plate 9, is a sectionil 
view of the same. The temperature in both vesaela vu 
taken in two minutes* time. The following are tbi 
^ progressive rates at whicii the water was raised to tii 
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I it ttppeara that the water in the pnn mih the heat- 

, waa raised to the temperature of 212° in 13 

I, while that in the plain pan required 2fl minutes. 

b following experiment shows still further the value of 

mg the evaporative power by the aid of these con- 

e tiu boilers, as in the annexed Plate 10, were placed 

KiectioD with n large laboratory gas burner, to each 

2 lbs, of water ; 30 uubic feet of gas were consumed 

b experiment, in two hours and forty minutes. Ihe 

■ was aa follows : — 

K IhH. nz, 

ElTo. 133, witbonl conduatore, erapomtid 4 1 4 of vaUr. 

133, with condnctora on one siili^ only 7 14 ,, 

134, witb mnduntoni projecting on 
botli «ideB .... S 5 „ 

^e qnantity of gas consumed was the same in both 
oases, — the heat generated waa the same, — the area of flue 
plate was the same, — the difference in effect waa thereforft 
alone produced by the greater quantity of heat trantmittei: 
■ io the water, longitudinally, through the conductors. 

In this case, the heat conveyed to the water, and thafc 

' escaping by the funnel, showed that where the waste h 

waa greatest, the evaporative power was necessarily tb4 
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See Plate 10. 




Pig. 182. Pah without Cohdvotors. 




Qas oonsum ed. Heat of Water. 


Heat escaping. 
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5 feet. . . . 120 . . . 
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10 .... 152 .. . 


. 390 


15 .... 162 .. . 


. 396 


20 .... 164 .. . 


. 396 


26 .... 166 .. . 
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30 .... 166 ,. . 


. 406 
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2432 


Evaporated 4 lbs. 14 ounces. 
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Fig. 133. Pin with Conductors projecting on 


ONE SIDE. 


Oaa consumed. Heat of Water. 


Heat escaping. 
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. 392 
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30 .... 188 .. . 


. 320 



1085 
Evaporated 7 lbs. 13 ounces. 
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Fig. 134. Pan with Conductors projecting on both sides. 

Gas consumed. Heat of Water. Heat escaping. 
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The comparison of tlae t'tree ^wv& >&\ieti^\«cA%^\i&\— 
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HcB.tTelala«d. HHtloit 
Puu without cODdaotora 589 2432 

,, siDBle condnotor . 10S5 199(5 

,, donble TODdactor . 1110 1703* 



Numerous inatances might here be given of the BUcceaafuI 
pplicatioE of these heat-conductors both in land and marine 
(oilers, in ivhidi Bevernl thoueauds of 3-inch pina liave been 
Rserted, and where tliey have been for yeara doing constant 
laty without a single failure or leakago, 
■ It ia here worthy of remark that M. Peelet, in his Traite 
fc la Ohaleur, has suggested a similar mode of increasing the 
muwmitting power of a given acea of a plate. He begins 
>y distinguiahing the three characteristic a of a plate, 
^'irst, — the reception of heat by one side. Second, — its 
iinisaion front tlie other aide. And Third, the power of 
tondnction through the body or thickness of the plate. 
Be then observes that a plate of metal has the power of 
aanamitting far more heat than it ia really and practically 
lalled on to transmit, on account of tlic current by which 
Ble heat is Tiurried along the face of it. 

Among the modes of counteracting this rapid current, he 
Jlwerves : — " If the plates were crosied hy nwtalUe hart, 
frfiei should project to a certain extent into hath fltiidt 
Cgaseous or liquid), oue of which was to heat the other, tha 
Mtent of surface contact bein^ increased (by the bars), the 
JKanlitt/ of heat transmitted wonld he increated, and the more 
10, as tte stratum or film of the fluid in contact with the 
bars would be continually changing." He then supposes a 
case of hot air (as the products of combustion in a flue) 
Msaing through a tube surrounded by water, to which the 
leat waa to be conveyed, and being traversed ly metallic 
mrt prqfeciinff both inwards and outtearda. In such case 
;be interior projections will become heated, and this heat, 

^heee, and oth«r eiperimaots in illuatvation ot ttieatoaetftsiii&.'flei* 
iMiAedin the Hiohttuea' JUaguine, ia 1S42. 
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poising along the hart, teill be given out from their surft 
It will here be seen, that this is tdeotical with the iIlDgti» 
tions here given. 

M. Peclet obaervea that this amuigement hai not Ulheria 

• fUt in prnrlire. He was not aware, bowei-er, it maj 1» 

nitned, that it had been previously, and manj yean, in 

btic« both in luod and marine boilers. 

' Conductor pina were applied to the boilers of a Bii-hor» 

The result wna, that eneh inch deep of w 

ich previouBij required twenty-eight minutes to 

tporate, was, by means of the conductors, done in twcn^ 

e minutes. • 

Encouraged by these reaults, conductor pins have 
during the last twelve years, introduced into many 
and land boilers with unqu eat ion able succeaa. After 
years of observation aa to their durability, the coocli 
that a projection into the fluea of three inches is the'; 
advisable. If longer, they will bum away to about; 
length. 

Supposing the conductor to be made of balf-inoh 
^Wld inserted at intervals of thrco inches, the strength 
B-,|llate has been tested, and found to be rather improi 
T conductor pins apparently acting the part of floor brii 
Kind giving increased stitfneBS. 

the area of the flue to be two feet 
B introduction of the pin conductors may be as shoi 
^e annexed Fig. 135.t 

Dr. Urc, imprci!«ed witli the same 'view, made eome experiments' 
ipited platea. The effect, lie observeB (see liia DJotionttrj of Arii 
remu'kabU : tlie w&ter eTaporiil«d tihen Ihe current of beUnl 
JKOdnotfl piuied uirosa the cormgatianB, and, aa it were, strikinj 
tlum ; being bo m^ieh greater tban wlien it run in the B&me direotion. 
ttw same principle, the heat tranamitled was increified when the oitrw 
the producta was interi3ep[«d by the cunductors. 

t The principle of thp»e conduetor pine has been adopted id 

and other deacriptiima of evspomtiTe TenBels ; and wonld ih 
[i«ble to the operalJona oltrewing ani SiiAiiViBs, 






of heaM 
ingsglittt 

J 




Ab iUustrative of the made and extent to wbich the 
item has beeu practically applied, Fig. 136, Plate 11, 
A Fig. 137, Platfl 11, repreaentB a pha and section of 
e boiterB oi"The Moi/al William" These boilers have 
len in constant use for the last nine years, and with the 
ost perfect aucceaa us regards economy of fuel, — freedom 
Dia the smoke nuisftoce, — evaporative power, and dura- 
lity ! the number of conductor plus are 4359. 

The plan of the boiler described as Lamb and Bummers' 
itent, may here be given, inasmuch as one of its peculia- 
tiea ia connected with the use of the heat conductors, and 
roMsely curresponding with the description given by 
[. Peclot, — the flue being "traversed br/ metallic ban," 
ad which here act the double purpose of sta^a (as in 
KX>motive boilers) and heat eonductore. 

In the boiJera of the Peniasulac and Oriental Steam 
lompany's Ship "Pncha,^' as in Figures 133, Plate 12, and 
S9, page 222, the stays which act the important part of 
ouble heat conductors are of ^tli-inch iron ; of these there 
re 1920, and as they act effectually on the water spaces 
n each aide, do the duty of 3SiO nmst efl'nctive heat 
onductora. 
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'atenteea afcate that the 8uj)eriority of this plan over 
■G coDUnoit tubuLir " consista iu tlie facility for cleaning ; 
.at is, for the removal of the scale or deposit wliich takes 
ace BO largely in the boilers of sen-going vessela. The 
ntiaH water spaces of these boilei'3 afford an easy meana 
' cleaning the sidea of the flues, and so enable the water to 
Hne in contact with the iron flue. That in tnbular boilera 
10 horizontal position of tho water spaces between the 
ibea readers it an impoBsibility to olean them ; the conae- 
Qcnce of which is, that a constant succession of deposit 
ikes place. The flues of boilers which have been constantly ' 
'. work since 1850 present no appearance of deterioration." 
The principle of these heat conductors is too self-evident 
) avoid adoption hereafter in all deacriptiouB of vessels 
here heat has to be communicated, or abstracted. 
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EHf IHE OENEBATIOIT AKJ) CIlABA.CTEaiaTIOS OF 

So much has been said and credited on tbe subject of the 
wniiig and combustion and even consumption, of smoke; 
ad it haa been ao often asked. What u nmohe f that the 
ibject cannot here be dismissed without comment. 

Dr. Lardncr has observed, that on coal being thrown on 

furnace, " a smoke will arise, which, passing into the flue 
Ter the burning coal, will be ignited." With equal cor- 
sctness might he have aaid, that ou coal being thrown into 

heated retort, a tmolce will arise, which passing into 
abes, is conveyed to our apartments, and tbere ignited, 
iTing out both light and heat. WheE palpable errors in 
escription are committed by scientific men, it can be no 
latter ofsarprise that an unobservant ^ubUfi aliQ\]i&.\iftwsa» 
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iliarised with such absurditieB as " smoke burning," 
" smoke- CO usuming fiirnacea." 

Befoi'a the churacteriBtics of combustible gases i 
known, it waa natural that all coloured vapours, rising & 
heated bodiea, should bo called emoke. So pooq, howen 
aa tho proportiea of the Beveral gaaea were correctly ai 
taiued, through tlio researches of Davy and Dalton, the m 
applicatiuu of the term beca.me unpardonable on the p«rt 
those who profeaa to be public inetructors on the subject, 
The gaa froo:! which smoke proceeds, iu a fumsoe 
itort, fa carburetted hydrogen. Tlie constituents of : 
have been nlready described ; eich atom consistinj 
atoms of hydrogen and one of carbon. This latter 
warrauCed iu assuming to be a solid, contained, I 
icealed from view, by, or within the gaseous volum 
1, since carbon has never yet been producoi 
form of a gas, nor Jiydrogen iu that of a solid. It ia ( 
chemical union, ta the form of the coal gtu 
>ken up, that the carbon beconiea visible and tan 
this circumstance alone fumishes an unerring t 
diUerence betweea gag and smoke ; a distinction wb 
ahull see, is capable of physical proof. 
"Wben we see a dark yellow vapour rising from hei 
at the mouth of a retort, or from a furna« 
imestic fire, after fresh coal has been thrown, on, 
not occasioned by the presence of carbon, bi 
caused by the sulphur, tar, or earthy impuritiei 
might happen to be in the coal. All these are aubseque 
■eparated from the carburetted hydrogen in the purify 
process — the gas remaining transparent — so minute areth* 
several atoms of tho carbon, and so diffused are they when 
in connection with the hydrogen. That the solid carbon f 
there, notwithstanding tliia transparency, is proved by it* 
aubscqueut liberation ; as when a polislied body ia thrust 
^_,into the flame of a caudle or gaa jet, and brought out with * 
^UApoait of the carbon on it. ll^o.tXio'a, So. ^vu^'t:, '«i'afia.ifl 
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lb may be well lieve to notioe an error with wliicli we we 
genemlly impi-uased, namely, that tiie cloudy vohime of 
Brooke, H3 vie see it iasuing from a uiiimney, and lilliag 
&lai^e space in the atraoephere, ia formed of carbonaceoua 
matter. 

Witb equal propriety miglit we say, if we put a few 
drops of ink into a glasa of clear water, and thus gire it 
n blackened colour, that the whole would become a mass of 
ink. Thia black doud is merely the great masa of tteam, or 
watery vapour, formed in the furnace, as already described, 
but coloured by the carbon; ami when we conaider, that no 
leas tbaa half a ton weight of water (in the expanded form 
ofHeam) Ja produced from every ton weight of bituminous 
oott consumed, we can easily account for the euormous 
foltune and mass of this blackened vapour called smoke, aff 
it appears to our vision, and the palpable error of supponing 
tliat thia cloud of incombustible matter waa capable of being 
Wnsumed, or converted to the purposes of heat. 

Wore it not for thia mass of atcaQi the carbon would soon 
'ill, naa cloud of black duat; but, being intimately and 
Stomically mixed with the Inrgo volume of steam from the 
ttmiaGe, it is carried along by the atmosphere, only differing 
in colour, like the cloud of steam we see issuing from the 
tifaimney of a locomotive when in action. 
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THK OOltUUSTION OF tJU.U, ASU THE PllBVEHIIOS 
or SMOKE. 

xiirBiuxBATioic of the nature of the products into 
Thich the combustible constitueuta of coal are converted in 
paesing through the furnace and flues of a boiler, will 
eoable us to correct many of the practical en:iMs ottlie day, 
and aacertaia the amount of usefui efiect ■yto^^'i^^i ^sii^ 
raate incurred. These products are ; 



TUB COMDirsTIOS OF COAl 

let. Stenm — higlily rarified, invisible, and incombuatible. 

2tid. Carbonic acid — JDvisible aad incombustible. 

3rd. Carbonic oiido — invifliblo, but combustible. 

4ih- Smoke — visible, partly combustible, and p&rlly 
ibustible. 

Of Ibese, the two firat are the products of perfect 
bustioD, tlie latter two of imperfect combustioii. 

Tbo flrat — flteaui — ia formed from that portion of 
hydrogen (one of the conatitueuts of coal gas), which 
combiued chemically with its equivalent of oxygen from 
air — ia the proportion of one volume of liydrogt 
volume of oxygen ; or, in weight, as 1 is to 8. 

The second — carbonic acid — is formed from that poi 
of the constituent, carbon, which baa chemically codiI 
vtitb its equivalent of oxygen, in the proportion 
oxygen to 6 of carboo, in weight ; or, in bulk, of one 
of the latter to two of the former. 

The third — carbonic oxide — i a formed from that 
uf the carbouic acid which, being first formed in the 
takes up an adJitioual portion of carbon in itfl pi 
tbrougli Iho iguited fuel on the bars, and is then com 
from tiio acid into the OJ^ide of carbon ; thus changing 
nature from an incombuatible to a combustible. Tfaia addi- 
tional weight of carbon so taken up, being exactly equal to 
the carbon forming the carbonic acid, necessarily reijuire* 
its combustion the same quantity of oxygen aa went to 
formation of the acid. 

The fourth — araokc — ia Ibrmed from such portions of the I 
liydrogcu and carbon of the coal-gas as have not beeu 
supplied or combined with oxygen, and, consequently, 
Lave not been converted either into steam or carbonic 
acid. 

Tho hydrogen bo passing away is traOBparent and invisible ; 
not 80, bowever, the carbon, which, on being bo separated 
i'roin the hydrogen, loata its gaseous cliaracter, and retuma 
toitB Ufltural »ud elemeutaiy rtate q1 B.\)\wJa., ■^■^S.-ta^-iluHS., 



ABU THE PKKYESIION OF SMOKE. Jja 

1 &ie]y-dirided body. As aucli, it becomes visible, and 
Cub it is irhich gives the dark colour to enioke. 

Not Bufliciently attending to tlieae detaiU, we are apt t-o 
pTB too much importance to the presence of the carbon, 
md have hence fallen into the error of estimating the loss 
putained by the blacknesB of the colour which the smoke 
IsBiunes, without taking any note of the invisible combus- 
tibles, hydrogen and corbouic oxide, which accompany it. 
The blackest smoke ia, therefore, by no means a source of 
itliB greatest loas; Indeed, it may be the reverse; the quaa- 
IK^ of invisible combustible matter it contains being a mora 
||(orrect; measure of the loss sustained than could be indicated 
lljf mere colour. 

This will be still more consistent with truth, should any 
cf the goa (carburetted hydrogen) escape undecompoeed or 
Unuansumed, as too often is the case. 

Ia the ordinary acceptation of the terra " smoke," we 
underatatid all the products, combustible and incombustible, 
•Mull pasH off by the fine and chimney. When, however, 
Be are considering the subject scientiiicaily, and with a 
new to a. practical remedy against the nuisance or waste 
it occasions, we must diatiDgnish between the gas as it ia 
geaerated, and that which is the result of its imperfect 
combustion. In fact, without precise terms and reasoning, 
*e disqualify ourselves from obtaining correct views either 
of the evil or the remedy. 

Now, let us look at this gas, which wo are desirous of' 
convErting to the purposes of heat, under the several aspects 
in which it may be presented under tho varying degrees of 
temperature, or supplies of air. 

In the first instance, suppose the equivalent of air to be 
supplied in the proper manner to the gas, namely, by jets, 
for in this respect the operation is the same as if we wera 
^applying gas to the air, as in the Argand gas-lamp. In 
meh case one half of the osygen absorbed goes to form 
lino, by ite union with the hydrogen-, "wVi^ fta ^A\ast 



KM of the supporter, the process would here be com- 
— perfect combiution would ensue, and uo amoke lie 
!d ; the quaotity of air emplojed being tejt times (he 
ie oftltegas consumed. See Fig. 1-11, page 230. 
ijain, suppose tltat but oue Lalf, or any other quaatity, 
than the eatunktiug equivalent of air were supplied. 
leh case, the hydrogen, whose affinity for oiygen ia so 
rior to that of carbon, would scire on Lhe greater part 
lis limited supply : while the carbon, losing its con- 
ioa with the hydrogen, and not being supplied with 
[en, would aasume its original black, Kolid, pulverulent 
^-and become true tmohe. The quantity of smoke 
(.1 would be in proportion to the defiuiency of air 
alied. 

lut smoke may be caused by au excett as well as a Aeji^ 
eg in the supply of air. I'bia will be understood when 
consider that there are two conditions requisite to effect 
I chemical union with oiygen, namely, a certain degree 
tumpenture in the gas, aa well as u certain quautily of 
; for, unless the duo temperatui'C be maintained, the 
ibustiblo mil not be in a state for chemical action. 
H'ow, let us see how the condition, aa to teinpsi'ature, 
y be affected by the quantity of air being in eaoesn. 
the gas be injudiciously supplied with air, that ia, by 
^ quantities or larger jets than their respective equi- 
9&t number of atoma can ivlmedialely oombitie with, as 
y come into contact, a eooling e^ect is necessarily pro- 
ved instead of a generation of heat. The resiilt of this 
aid be, that, although the quantity of air might be 
rect, the second condition, the required temperature, 
lid be sacrificed or impaired, the union with the oxygen 
the air would not take place, and amoke would be 
i»d. 

%iia We perceive that the mode in which the air is intro- 
odeiercises an important influence on the amount of 
ID Barf comhxistion effected, the civitm&'j o^ V'wX 4ik^^ 
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loped, or of smoke produced ; and, lu examining the m 
of administering the air, wo slmll discover the true cauS 
perfect or imperfect combustion, in the furnace, as we 
in tlie lamp. Thia circumstimce, then, as regarda 
manner iu which air is introduced to the gas (lite tlic 
troductioa of gns to tho air), demands especial noting 
the moat important, although the most neglected, feat 
in the furnace, and in which practical engineers are li 
instructed by those who havo undertaken the talk 
teaching them. 

We see, then, how palpably erroneous is the idea, 1 
emoke, onco formed, can be conaumod iu the 
which it is generated, and how irreconcileablo ia aucha M 
with the ojieratiouB of nature. The formataon of amokd 
fact, arises out of the failure of some of tho proceaaes j 
paratorji to combustion, or the absence of some 
couditioos which are easential to that conaummalnon fi 
which light and heat are obtained. To expect, then, 1 
amoke, which ia tho very result ofa deficient supply ofll 
or air, or both, can be consumed in the furnace in wl 
such deficient supply has occurred, is a manifest absurd] 
teeing that, if auch heat and air bad been supplied, \ 

loke would not have eiiated. 

"Whence, then, it may he asked, does the visible bl 
cloud proceed P Solely from the unconanmed pop 
of black carbon, insignificant though it may be in weigli 
volume. 

Thia carbon of the gaa, being the sole black-coloill 
element of amoke, it ia here necessary to examine 
several phases and conditions of its exiatence and progi 
hifore, durinj, and after, it has been in the state of fla 
Flame is not the combustion of the gas. Flame itself 
to undergo a further process of combustion, being bi 
maas of carbon atoma, atill unoomumed, though at the b 
perature of incandeacence and high luminoaity. FlanU 
then but one of the atogea o£ ttia -sTOcaM ol wiMiSftBSB 
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AND THE PaKTENTION Or SMOKE. 1 

I Bxistence marks the momeut, as regards each atum, of 
separatiou from, and the combustion of its aceompaoymg 
frozen, by which so iutenae r heat is produced as, in- 
Istaneously, to raise the solid carbon atom, then ia 
ptact, to that high temperature : thus preparing it the 
Bre rapidly to combine with oxygen »o soon as it uftall 
t (Stained contact with the air, but not a moment 



iiBtead, however, of administering the nir while the 
rton is at this high temperature of 3,000° (as we see iu 
It gas-burners), our cuatom is first to allow it, or even 
Ke it to cool down, by its contact with metallic tubes, to 
(state of soot; ajid then to espect, by some mechanical 
paratus, to restore it to the necessary temperature from 
ich it had been so gratuitously reduced. 
But, it may be asked, why allow it to lose its already 
gtiired high temperature ? Wliy create a necessity for 
) Bake of overcoming it P It seems an act of mere 
ipidity to waste the bigh temperature the carbon had 
ts naturally acquired, by allowing the opportunity to 
18 before we administer the only thing needful — namely, 

We have seen how the carbon of the gas, in the absence 
air and its osygen, returns to its normal state of black 
id atoms in the form of soot. It will here, then, be 
iful to illustrate the well-defined stages through wbicii 
8 carbon passes from its invisible state, aa a constituent 
the gas, to its visible state in smoke. In the following 
grams, representing its four stages, the carbon is placed 
the centre of eacb figure. 

'iret Stuga — IniAiMe imd iBioBjiWe, tlic carbon being then in /" 
BUaJ union, and snrroiuided b; tiie twu atamB of bjdrogea, I 
ning carburetted bf dcogen gas. 

luond Stage — Visible, tangible, an J raised by tbe beat prodnoed « 
kbemaibuBtianof its BCCompanying hydrogan tolbe lemperature j| 
wliicb, by tbeir number, give Ibe wbite luminous ^ 



r —1 

284 THI 0OM9UaTIO» OF COAL 

f)Z bAving then entered into uniou with two BtoiuB of «qrg«B^ 
VVyi^ '"'"'We carbonic Mid {the oijgen Uing hew rtpn 

Fourth SU^— VUiMe lUid fai'^i'I'^, m the BlaM of 111 
^ oCBoot, hovingBBCSpeaiiombuatioabjuothaTinglisdia 
• »ir, IretoM it wai ruotud balow the tomperatim n^ 
uhemical wti'JQ. 

Of the comparatively maiguificant vnlue of this <i 
one of the elemeiiti of tlio cloud of smoke, the 
diagram will conyey a HuiUciently correct idea a 
relative number, weight, and bulk of p«oh. 
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!hus we aee that out of the 21 atoms which are the coa- 

mte of any given veight of smoke, the only combustible 

i-bon, weigha but 0,— tlie inemnbustible and 

ible portion weighing 28C. Aa to voltime, we aee, as 

Wve, the comparatively insignificant space it occupioe, 
although it posaesaes the power of giving the black tint to 
*he cloudy mass. Theae volumes are here Buppoaed to bo 
•t atmospheric temperature. When, however, we consider 
that, with the exceptieu of the carbon, which alone (being a 
'olid) retains its original diminutive bulk, while all the 
others, being goMeoui, will bo enlarged to double, poaalbly to 
treble their previous bulk, in proportion to their increased 
temperature,— we are amazed, not only at the comparative 
Insignificance of the carbon, but at our own credulity in 
believing that this merely blackened cloud could be raade 
available aa a fuel, and a bouxco of heat. 

Generally speaking, this black cloud is supposed to be an 
aggregate or mass of carbon, in the form of a sooty powder. 
This is, manifestly, an error, smce that would assume that 
the throe other products — nitrogen, carbonic acid, and 
steam— in their great volumes, had been ueutraliaed, or 
otherwise disposed of. Ag, however, that is impoBsible, 
amoke must be taken as it is, ^namely, a compound cloud of 
all these three gaseous bodies, together with the portion, 
more or less, of the solid, uncombined, visible free carbon, 
then in the fourth stai/a. Hero, then, is a definition of 
smolte, which is susceptible of tho moat rigorous proof. 

We see the black cloud from a chimney extending for 
miles along the horizon, and hence conclude that the quan- 
tity of carbon must be considerable to produce such an 
effect. Kothing but strict chemical inquiry could have 
enabled us to correct this error. By it we ascertain that 

a black cloud is tinted, literally but tinted, by the atoms 
Kj^bon, and, which, though issuing in countless myriads, 

i comparatively insignificant in weight or volume, or in 
meeoial value as a combustible. \x^ t'cuW, ^V% «]^ 
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deceived aa to the iiiaBs by the eitraordiiiary colour 
effect produced by tlie iniauteneas, but great nutnber, of n 
atoms of carbon. 

And now as to the relative quantitiet of the eeveral C 
stitueuts of BiDoke : Ist, of the invittblf, nitrogen, 
atmospheric air contains but 20 per cent, of oxygen, ti 
remaining 80 per cent, being the nitrogen, past 
invisible and uncombiued. If, then, a ton of coal requires, 1 
absolutely, for ita combustion the oiygen of 300,000 cuLic J 
feet of air, the 80 per cent., or 240,000 cubic feet of iariaillll 
and incombuatible nitrogen, forms the first ingrediont fl 
this black cloud. 2iid, of the invisiUe carbonic add, 
portion of the cloud may be estimated as equal in Tolumefl 
the 20 per cent, of oxygen which Imd efi'ected the combl 
tiou of the carbon hoth of the gas and the coke of the O 
3rd, of the invieibh steam formed by tbe combustion of t| 
hydrogen of the gas. In this will be found the great Boul 
of the prevailing miaapprebension ; yet no facts in cheii 
are mure accurately defined than thoae which belong to ■ 
formation, weight, and volume of the conatituenta of ete 
The following extract from a paper read before tbe I 
tutjon of Civil Engineers, being from tlie report, alrei! 
mentioned, by Professor Faraday to the Athenieum ClubJ 
much to the point of this inquiry — particularly ai 
the great volume of water resulting from the combustu 
the coal gas: — 

"All subBtanceB used hi ihs purpoeea of iUnmiiiBtion maf b« n 
Beiit«d by oil and coal gna. Both conUii) c&rboa and bjdrogcD, anda 
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i'S6 cnUc feet of oiygeii equal to the quantity contained in lO'S 
<<nibi<»l feet of air, A pint of oil, itben bnmt, prodnces a pint md a 
quarter of water; and a poimd of gas, more than (mo a-nd a half pi/oiuU 
nfwatrr — tlie increuse of weight being due tnthe ahsoi'iilion of oiyjj^n from 
Uie atmoiphere — one part of hjdrogen taking eisht parte, by weight, o( 
ox^Cen to foim itatcr. A London Argand yaa lamji in a eloied abof 
window will produce, i» four howi, hoo pinii anil a half of viater, to 
Mndenae, or not, npon tlie glaes ur the goode, Hccording to circiunBtoncea." 

To say, then, that above 900 Iba. weight of water (nearly 
Iittlf the weigbt of the ton of coal consumed) paa sea from 
the furnace, and by the chimney, in the form of Heam, 
though produced by the 5} per cent, of hydrogen alone, 
which the coal contained, may appear exaggeration : never- 
theiesfl, the fact is un question able, the dctaila of which it 13 
here unneceBsnry to repeat. Now, when we consider the 
enormoua mass of steam that would be produced by tliB 
vapour of this nearly half a ton weight of water (indepen- 
dently of the nitrogen and carbonic acid), we can readily 
account for the magnitude of the cloudj^aporous column of 
the smoke. 

The nest conaideration is, as to the value of the carbott 
B»hi ch produces the darkened colour of the smoke cloiid. 
|V, the weight of thia carbon, in a cubic foot of black 
(ke, is not equal to that of a single grain. Of the extra- 
y light-abaorbing property and colouring effect pro- 
1 by the inappreciable myriads of atoms of this finely- 
l carbon, forming part of the cloud of the steam 
V acme idea may be formed by artifeially miiing soma 
a the deposited state of soot with water. Fop 
rpose, collect it on a metallic plate held over a candle 
Jfcjet, and touching tlie flame. Let a single grain weight 
IBis Boot he gradually and intimately mixed on a pallet, 
Kb a painter would, with a pallet-knife : first, with a few drops 
of gum-water, enlarging the quantity until it amounts to a 
•poonful. On thia miiture being pourei into ti, (^'s ^Oott 
oootaiaing a gallon of water, the w\io\o "maa'a, ci^ \>efli' 
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^ cat is to a balloon to whioh it is attached. As 
thia dleproportion in buJk, wo know that tlie 
fc of each atom of steam is 1,800 times greater tl 
fethe atom of water from which it was formed. Here, 
IJien, would bp a ratio of 3,600 to one. When, also, 
|pder the temperature, and high preasure, and conse- 
)Us expansion of thia ateam, at the moment of 
lation; and paasing from the chimney (the atom of 
■ solid, alone retaining its original diminutive 
ara enabled correctly to appreciate tho relativo ' 
t of the minute combuitihle carhon, and the ineom- 
\ttteam. Were it possible to examine mieroacopicoily 
moke, it would be Been that each atom of the carboii 
E mechanic ally attracted by, and adliering to, two or more 
(iherical atoms of steam, possibly multiplying by reflection 
B Bppearance and effect as from so many mirrors. We see 
W by virtue of this adliesion to the atoms of steam, it 
rtuna its ascending power and buoyancy, as the car doei 
iMi the balloon, 
I nevertheless, in contempt of chemical truth, and even 
»inmoa obaervation, we persevere in speaking of the com- 
Ution of the cloud of smoke. It surely would be as easy 
lore rational, and more correct, to apeak of its prevention. 
[ad even these terms been properly understood, the 
bsurdity of the late Metropolitan Act, for the " com- 
BstioQ of the smoke of furnaces," would have been too 
hvioua to have had the sanction of Parliament. 
In looking at the result of imperfect combustion of the 
wbon of the gas, and its conversion into the blaclt element i 
t Boot, it may here be obervcd that the mere waste of so 
mch fuel ia inaigniiicant in miachioTouB agency in coni- 
ariion to the effect of its deposit in the form of the most 
owerful non-conductor of heat in the tubes and flues of 
be boiler,— thua effectively neutralising their vaiue 
eating surfacea. Thoae, therefore, who insist on asserting ' 
bit smoke is a combustible, and may be tMm«4,-%'Qwai4 laa ' 
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id to show how this cloud of watery vtp 
matter can be separated from its minate 
of carbon: — for, until that Bepai^tion ie effect 
an abBuid to epGak of tlio combuatioD of tbe elottd oj 
aa it would be of converting the atr in the eloud 
vrhich blows uloug our streets, to a profitable i 
the mere sake of the particles of solid matter which 
in suBpension. 

Looking, then, at this cloudy mass with refer) 
combustibility, wo see that since the separation 
oarbOD from its accompanying cloud is prsctici 
poMible, its combustion is equally so. 

Finally, we eee that the cause of the formation 01 
ia, the absoace of the proper supply of air to the 
of the gas (the only combustible tliat it contains), at i 
vkm from itt high tmnperature of incand^igeenoe it n 
fitted to receive it. So long, tben, as due considei^ 
the providing for the admiaaion of this supply of ai 
furnace at tlie proper time and in the proper qnan 
but little attended to ; aud that our practical en 
regard the question ns of secondary importance, or 
Tith neglect, we cannot expect any reformatios 
flystem of furnace details. 



BXTR4CTS FROM THE SECOND REPORT TO THE STEAM COAI.^ 
COLLtERIES' ASSOCIATION, NEWCASTLE-UPON-TYNB, 

QBmUtHEN, — 



further Hepart upon the queatiol 

vision, we hava to obserYB, t 

'0 selected nnd submitted i 

d Co hnve reported to yoa on their I 



In Biibmitting to yo; 
wftioli yoa hare referred to o 
%ould have been eaay for us 
cartaic of the competitun' pit 
•ompftnttiTe merits at a mucli earlier period. But aiich a ooursa 
"Wnild neither have done justice to you nar to the important question 
.idlioh we had to decide, inaainiich as one of tbe priocipBl condidons 
liahfd for tbe competition vtas, tha,t the plane submitted should 
diminiali the evaporative power of the boiler. 
It wa«, therefore, our ^-at object to aacertain this evaporative power 
toaitaodard ofrefurence. 

The boiler built for tliese exporlmcnta presented no peculiar features. 
■Hie auoeied dmwiDg will show that it waa the ordimtry type of a 
multitubular boiler, sueh as ia generatl; conaidcred to preaent 
th grenteat difficulty aa regarda the preveolioD of emoke. 

It coDtained two furnaces, each three feet wide, au{l 135 tubea E^ 
bet long and three inches iDtemal diameter, and bad an aggregate 
ig surface of 719 aquare feet 
The heater, whiah was subsequently added, aa menticned in the 
ninth paragraph of our former Report, was uaed for the purpoaa of 
_ the feed water. It in no way altered the condition of the 

I liailer, except by reducing the temperature of the eneaping gases, and 

II thereby, to bquio eitcat, diminiabing the draught and rendering the 
! I>reTention of smoke eotnowhat more difficult, whi1»t, nt the same time, 

It slightly increased the evaporative effect by its additional absurbing 

This increase was, however, much less than might have been 
•ejected from tbe Itrge abaorblog aurface ot t\ia\iaMAT, 'B\i\'5a.ooM- 
^aetl 330 sjuaro test ; yet it vraa found t\ial, -wAuin &« ^Tii&VLclis, <ft 



mmbuatioD befors mteriitg the lieater were «t t 

through it did not reduce the tompenttare more than kbout 14' to 

The whole of the experiments with the competiton' g 
mtde with the boiler after the heater was added, as also 1 
made greviouflly for flatablishing the ataadard of referenca, 

Wq have eetablUhed as the stsDdard the iiieanB of a geriea 
nwQts during whieh the firing was couducted acoordiug to tfa 
■jwlam, ever; care, howercr, being taken to get the maiimamd 
Otit of the bailer b; keeping the fire-gratea clean and by fa 
atoking. So air woa admitted except through the Gre-gtateo, W 
oonnqueaoe much, and oftoD a Terjr dense amoke wb< evolTod. 
A* the ecoDomio eSect of the fuel inoreoaea when the ntii 
flro-grate inrface to the BbaorbtDg surface is diminiahed, i 
adopted two ainei of fire-gratea, Mid coniequeotly two atan' 
refbrenco. With the larger flre-grata the amount of work doni 
bcnler per hoiir ia greatest, but this ia done at a relatiTB 
eoonomiu vnlue of the fuul aa compared with the amoller grate. 

The one givea us the alandard of raaiimuin BvapDratiyi 
boilw, — the other the standard of maximum ecouomic effect o 
liieL 

The fire aurfocoa used far fiiiog those standards were 23] ai 
eqtlBre feet rospcctlvcl;. 

Eooh competitor was allowed to vary hia firo-grato to meat 
two atandards, and £□ the tabulated forms hereixiafter gin 
iMultl obtained are compared with the standards aa well aawi 
nukiimum resulta wbiah we have arrived at in our own eipeiitai 
With these prefatory rcvnarks we now pcooood with our fl 
The total Dumber of plane submitted to ua was 103, w 
ejuuniDatiuD, we fouud might be arranged in the fallDwing cl 

lat Class. — Hequiring no speoial apparatus, and depeudinf 

the admiaeion of cold air into the furnace oi 
2lid Cloaa. — Requiring no apecial apparatus, and dependinj 

adroiision of hoi air into the furnaco or at the bridge. 
8rd Class. — Itequiriug apecial adaptations of the fumace 
or less compleiLity, but jet applicable to the ordinary t; 

.e boiler. The moat of thia clasa admitting air oi 
fire-grate surface. 
4th ClaBB. — Requiring self-actlag or mechanical appan 

supplying the fuol. 
Cth Claaa. — The smoke burning systems, the principle at m 
to pass the productE of combustion through or ova 
incoudeBcent fuel. This cloaa might be subdivided ii 
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WOf irhioh the gages puss doimirard tbrongli b part af 
be-gnite into a close nsh-pit, and theuce to tbe Anme cbamber 
If tub^ and iu the attur t!ia gnsea, &a., from oau funiHcs 

t and upwards through the fire-gato of 
ther furnace, acd in which orraDgeiueiit the proceas ia alter- 
d bj a Bjetein of doors or dampers. 

B Cl^ Propoting the adiuissioQ of ateam mixed with the ai 

Bto the fumiica an a msans both of preventing smoke uad in- 

■ ig the ewttpomtiye effect of the fuel. 
B Qmb. — Such projects aa are either impracticable or not nppli- 
a the ordinarf tjpe of marine boilers, and ooneequentlj 
with Hie established couditions. 
bllowiog table ahona the number of plans sent !□, arranged ii 



Biall oonBidemtion vie aeluoted tha foUawiug plans for trial at. 



n Clasg I, — MBaars. Habson and Hop^inson, HuddersSeld. 

Mr. C. W, WiiUama, Liverpool 

Mr. B. Stoiiey, Dublin, 
n Claaa 3.— Mr. Robeou, of South Shields. 

i not feel ouraelvea justified in trjiog anj of the other plan. 
E«xpenae, but in acquainting the remaiQing competitors with 
stated that we were ready to submit their plana 
fcrtrialif they doairedit, in conformity with the fifth paragniyh of tha 
ctigiaBl advertisement. Mone of these partiea, however, av^ad the 
HlTea of the opportunity thua giien of teaCiug their plana at tboir O' 
Mp«nse. 
The standard of reference alluded to in the 11th and 15tb paragrapha 
iLaprsaent Report are as follows: — 



jilb^ prsaent 



WDumio ralue, or lb*, of water evapo- 
nted&om 212* by 1 lb. of «wl 

iMit of oambuBtioii, or tba, ef oool 
bntned per hour per aqumro foot of 

B*(4 of evaporation per Btjoare fciat of 
fi»-grata per bour m cabio feet of 

T«U1 smpomtion per hoar in enbio feet 
ot water from BO" 



PiraQiataUl Firal 



Tbo colucoDa A coiitAia tlio etandardB of referenoa allud 
a above, whilst the coIuiqds B give tbe mean of tit* bttt 
sfatained by our owu eiperimontB wlum maiiiig no snMn. 
The first plan submitted for trial whb that of Mr, 
bleldH, wlitch wo aalootcd oa it type of Beveriil of the plans 
Claaa 3, and as in our opiiiinn the moat likely of ila kind fa) 
icoeisful. The prinoiple of tliia plan is to divide the fun 
*o flTS'gnitaB, the one at the back being eborter than tbe a 
looed at a lower level. Tbia baok grate is furnished with i 
oor-fnune and door, for the purpoge of enabling the atoker t 
M baM and remove the clinker wheu required. Tbia doc 
roTidad witb an aperture fitted with a throttle valva, am 
isido a cUstributiog box perforated witii hnlf-iQch bolei, i 
launer practiced by Mr. Wye WilliamEi. The front grate is II 
rdinaiy fire-grate, but without any bridge. The mode of proi 
II to throw nit tba fresh coni upon the front grate, aud to k 
ick or lower grate tuipplied with cinders, or partially cake 
ttieh U pushed on to it from time ta time from the upper o 
ate. No air ia admitted at the door of t)ie upper grate, 1 
«es ariaing from it meet witli tbe current of freih aJr mi 
[Toash the d«>ar of the iower grate, and in passing over (ha 
'e upon it are to a grenter or less dcgrea □ousumed. 
With raapBot to absence of smoke, we have to report that til 
only partiiilly euccessful. It diminiahoH the amount of emd 
Werably, but it requires careful and minnta attention fro 
■, otherwise a good deiil of amoLa at timoa agpears, ai 
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remoTiDg the clinker from the back gnte^ where it tends to tarn 
considerable quantity. 

The next plan submitted to trial was that of Measra. Hobaon 
Hopkinaon, of Hudderafield. In thia system air ia admitted both 
the doors and at the bridge. At the doors by meana of vertieal 
iphich may be opened or shut at will by a sliding shutter, and at 
bridge through apertures in hollow brick pillars placed immi 
behind it. The entrance of the air to these pillara is regulated 
throttle valves, worked by a lover in the ash-pit. There are 
masaes of brick-work placed in the flame-chamber, with the ini 
partly of deflecting the currents of gases, so as to ensure their 
with the air, and partly to equalise the temperature. 

As regards preveution of smoke, we have to report that this plan 
Tery efficient, though in hard firing it required considerable atteni 
from the stoker. Whilst burning about 15 lbs. of coal per square 
of grate per hour, no tmole was visible, even with ordinary firing, 
when the quantity was increased to 21 4 lbs. per square foot per hoatii 
the fire required to bo very carefully attended to, or smoke, though in 
no great qunntity, began to appear. 

Messrs. Hobson and HopkiuBon's fire-grate surface was originally S71 
square feet, but this was Rubsequently reduced to 18} square feet 

As regards economic ofToct and work done, the following were the 
results : — 



Economic value of fuel 

Bate of combustion 

Rate of evaporation per square foot per hour 
from 60** 

Total evaporation from 60** 



FiroGrato, l Fire Orate, 
27i Sq. Foot 18iSq. Feet 



lbs. 
11 08 

14-25 

Cubic Feet. 
2-18 

60-03 



lbs. 
11-70 

21-50 

Cubic Feet 
3-49 

63-62 



Comparing these results with the standards, we get — 
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jbpeQd upon the itaker, nail ■we an therefore of opiiiioii thatil 
piles witb all tbe preacribed condkiotu. 

The neit plan triad wM that of Mr. C. Wya ■WillittmB, ot Liv«r 

Mr. WiUunia' nystem, ■!! it wUl known, ooiuUts in the »dmui 
kir st the furunoo dour, ot at the bridge, or at both, bj numenKU 
ap«rtures, witli tbs iuteniion of diffouugU in ■treams Uid jalsn 
tha gitoa. In the plui adopted hi the preeent iiutuice, Hr. Hi 
introduceR tha air only nt the froiit of the furnace, bj menu il 
iron casings, fiirniahed on the outaido with aperturei prorUid 
ibutters, so as to lary the area at will, and perforated in tbl 
with a great number of half-inch holes. The mode of &rtng via 
WilUania adopts morolj confliala io appljiog the freah fuel altei 
at oppocile aides of the furnace, boos to leavBone Bide bright wU 
Other \a bkck. 

The original fire-grate proposed b; Mr. Williama wati 33 
feet, which waa anbaequently reduced to IS square feeL 

Aa n^rdu economy of fuel and woik done, the following vi 
raaulta :— 




s«iLL,,™<.»»m 1 




WUUamfl. i StatidftTd. 


More. 


LSH. 




PCBt 


Peet 




ParCont 


Area of fire gruts ... 


lbs. 


lbs. 




6'fi 


Economic ™1ho 




1006 


12-3 






27-36 
Cubic Feet. 


21 00 
Cubic Feet. 


30 '3 




BaleofBvBporation. 


*'31 


2909 


is-a 




Total evapjraljaa ... 


76-92 


B6'IH 


37 '3 


... 



These resultH ahowa large increaae above the standard in every respeet» 

The preventioD of smoko was, we may say, practically perfedj 
ivhelhar tbe fuel burned was ISlba. or 27 lbs. per square foot per hoar. 
Indeed, in oue erperimeot, wo burned tbe extraoi'dinary quantify o{ 
374 lbs. of coal per square foot per Lour upoa a grate of 15^ square feef^ 
giving a rate of evaponttiou of 5^ cubic feet of nater per hour per 
■qnare foot of fire grate, witbout producing smoke. 

No pBctioular attention was required from the stoker, iu fact, in this 
tetpect ; the Byatam leaTca nothing to desire, and the actual labour !■ 
•veQ leSB than tbat of the ordinary mods of firing. 

Mr. Williams' system is apiilicable to all deaciiptions of maiino 
boilers, and its extreme simplicity is a great point in its iarour. 

It full; complies with all the prescribed conditions. 

The next and last pUa submitted to trial was that of Mr, B. Stoney, 
of Dublin. 

In priooiple, so far as regards the prevention of smoka by the 
■dmiaeioii of air through the doors, and at the front of the fursace, this 
^IbhIh identical with that of Mr. Witliamj;'. Its peculiarity CDDaistB in 
* the adoption of a shelf outside the boiler, formiog, in faGt,acontiuiiatioiL 
of the AbkA plate outwards. Upon thia eUelf the fresh charge of ooals 
is Itud in a large heap, about half of the heap being within the fumaoe, 
Bod the rest outaide. Tlie dour is a sliding frame, which ehuts down 
vpoa the top of this heap of coals, so that air is admitted through the 
body of the coals as well as through perforations in the front plate of 
tiie fumaoe. When the furnace requires fresh fuel, a portion of that 
tbrming the heap, and which, to some eitent, haa ported with ita gasa^ 
it pushed forward and its place made up by fresh fuel laid on in front 

Thia plan did not succeed in preventing smoke, for wheuever tha 
veal was pushed forward upon the fire, dense smoke was evolved. 

We regret that Mr. Slanej was not paraonaU-j ^ttawA V> »»*i ft* 
reaalt, wbicb we think would have BnUteVj Ba'tiatai '\iMii 'OoiS.'Saai' 
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L'EIZE MEDAL, nTTEEITATIOIfAL EXHIBITIOH 1863 
I Awuded CO the Pnblulieia of 
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1 



WEALB'S 



XUDIMENTARY, SCIENTOIC, EDTJCATIONAL, 
AND CLASSICAL SERIES, 



f 



;ngineers, Archilnets, Builders, ArlUans, and Students 
generally, as aell as to those interested in Worlmien's 
Libraries, Free lAhraries, Literary and Scientific Iitsti- 
tulions. Colleges, Schools, Science Classes, ite., rfe. 



tAis Lilt art hound I'l 
re Blheru/isc slated,) 



r AGRICULTURE. 

66. CUT LAKES A^TD LOAMY SOILS, ty J. EooaldBon, 1>. 
HO. SOILS, MANURES, AND CROPS, liy R. ScMtt Burn. 2j. 

141. FARMING, AND FARMING ECONOMY, Hietorical and 

Practiial, bj B. Scott Burn. 3«. 

142. CATTLE, SHEEP, AND HORSES, bjH.Sixitt Burn. 2j.Gd. 
H5. MANAGEMENT OF THE DAIRr— PIGS— POULTRY, 

bj B. Scott Bum. With Notes on theDi6€aBe8 of Stock. 2s. 

146, UTILISATION OP TOWN SEWAGE— IHRIGATION-. 
EECLAMATI08 OF WASTE LAND, by R. Scott Bum. 
2<. 6<f. 
JVcd. 140.141, 142,116, and mbotudin izaU-, cloth boatds, 14^ 

177. CULTURE OF FRUIT TREES, by De Breuil. 187 Wood- 
outs. 3j(. 6rf. r-^'"* "^i^. 

LOCKWOOD k CO., 7, STATIONERS' HAI.L COURT. 



r 

I 
I 



S ABCHrXECTUKiL AND BDILDINQ WOBEa. 

ARCHITECTURE AND BUILDING. 

16. iECHlTKCTOEE, Ordcra or. bjW.n. Leeds. U.6d.\'- 

17. StylBS or. by T. Talbot Bury. U. 64 ji 

18. Prinoiplea of Deaign, bj H, Ii O 

Aoi. le, II. oTul in in I rol. dath boards. Si. Orf. 
23. BUimiHG, tJio Art of, bj E. BobBon. Is. GO. 
33. BEICK AMD TILE lUKING, bjE. Dobaon. 3«. 
26. MASONB.Y AND STONE-COTTING, by E. Dobwn. 

Edition, with Appendii on the PrefervstioD of Stoni. 
Sa DEAMAGE AND SEWAQB OF T0WH3 AND I 

ISG8, hj G. D. DempBoy. 2». 
milt Ao. 29 (.S«poj«l), flrainop* 0/ i)i«nrt» ami imid^ 8(. 

35. BLASTDJG AND QUAKRYISa OF BTONK, io, If 

Mttr»hal Sir J. P. Burgojne. U. 6A 

36. DICTIONAKY OP TECHNICAL TEEMS used hj, 

E-iiWfre. EnRineare, Survejore, 4c, New Editii 
Ejid coUrged bj Eobart Hunt, P.Q.8. [/« j 

43. COTTAGE BUILDING, bj 0. B. Allen. U. 

44. FOUNDATIONa & CONCBETB WORKS, by Doheon, If.S 

45. LIMES, CEMENTS, MORTAES, &c., bj Burnell. 1«.M. 
67. WAHMINGANDVENTILATION,bjC.TomlinBoii,F.ES.Si J 
83»". DOOR L0CE8 AND IRON SAFES, b^Tomlinson. 2t.a4i 
111. ARCHES, PIEES, ANDBDTTBESSES,byW.BlMid. L 
116. ACOtI8TIC80FPUBLICBUILDIKOS,brT.a " "' ' 
123. OAHPENTRT AND JOINERY, faundod on BoUm i 

Trodgold. 1(. Cd. 
133». ILLD8TBATIVE PLATES to the precfriing. 4to. 4iM 
134. B00F3 POH PUBLIC AND PRIVATB BUILDS 

founded on RobtBon. Price, and Tredgold. 1*. Gi. 
IW. PLATES OP EEOENT IRON ROOPS. 4to. [A 

127. ARCHITECTURAL MODELLING IN PAPBB, 1 . 

iDBlniotiona, by T. A. RiohordBoii, Arohitect. li. Bd. 

128. VITRDTIUS'S ABOHITECTUEE, by J. GwUt, Plalu. 1 
130. GEEOIAN AROHITECTUEE, Pcinoiples of I 

the Eari of AberdecTi. le. 

JVbi. 12H nnd 150 in 1 vol. tIol\ Snnrij, 1: 
133. BRKCnOH OP DWELLING-HOUSES, with S 

Quantitise of MntcrialB, &e„by S. H. Brooks, 27 1" 
150, QUiNTITIES AND MEASUREMENTS, by Ba 
175. BUILDERS' AKD CONTRACTORS' PEIOE-BOOSj 

Q. E. Buriioll. 3j. Crf. [KbicH 

rUBLISEED BV LOCKWOOD & CO, 



ARITHMETICAL AJID MATHEMATICAL WORKS, 



ARITHMETIC AND MATHEMATICS. 
. MATHEMATICAL INSTKUMENTa. THEIB OONBTEUC- 

TION, USE, Ac., br J. F. Heatlier. Original Bdition in 

1 Tol. 1*. &d. 
• I» m-dermg (ht ahove, bi careful to lay " Original £dilim" to 

dutiHj/uah it /rem the Enlarged Edition iii '6 volt., a^irtitaii 

on page 4 ai now read!/. 
. LAND AMD ENQUfEHKEKG SUEVETING, byT. Bakor. 2a. 
f, READY RECEONEB for the Adicoaaurement aud ValiiaCori 

of Land, b; A. Annan. 1". 6d, 
. GSOMETity, DESCRIPTIVE, nrith a Theory of SbadowB ami 

'ForspactiTfl, and a, DeHaription of tlie Principles and Practice 

dF IsamotTical Projoetian, by 3. P. Heather. 2i. 
. COMMERCIAI, BOOK-KEEPINO, by JaniBa Haddon. 1<. 
, ABITHlLETIC,witbimmerou9Eiainplefl,bjJ.H.Youag. Xs.U. 
». KEY TO THE ABOVE, by J, B. Young, li, (W. 
i. EQUATIOHAL ARITHMETIC : including Table* for tho 

Calculation of Simpta Interest, nith Logariliuna for Compound 

Interest, and Annuities, by W. IlipBby. 1». 
I*. SUPPLEMEKT TO THE ABOVE, U. 

BE and SS- is 1 vol., it. 
L ALGEBRA, by J. Haddon. 2t. 

*. KEY AND COMPANION tothoQbo7o,byJ.R. Young. UGi?. 
1. THE ELEMENTS OF EUCLID, with Additional Propoaition., 

and Essay on Logic, by H. Law. 2s.. 
I, AHAIYTICAL OEOMETKY AND CONIC SECTIONS, by 

J. Honn. Entirely Haw Edition, improTed and ro-writlfln 

by J. E. Young. 3«. [Nou ready. 

. PLAJJB TEIGONOMETBY. by J. Hann. Ij. 
I. SPHERICAL TRIGONOMETRY, bv J. Hann. li. 
AUi.91aiiii93utli.-oZ., 2c. 

I. MENSURATION, by T. Baker. Is. 6rf. 

^ MATHEMATICAL TABLEa LOGAEITSM8, with Tables of 
Natural Smta, Cosines, and Tangents, by H. Law, C.E. 2i.Qd. 

II. DIFFERENTIAL CALCULUS, bv W. 8. B. Woolhonse. 1». 
Il», WEIGHTS, MEASURES, AND MONEYS OF ALL 

NATIONS ; with the Prinoiples which dolcnnino tlie Bale of 
EichanBC, by W. S. B. Woolhouw. 1». Qd. . 
@. INTEGRAL OALCDLC3,KUDIMENTS,byH.Cox,BJ. 1*. 

5. INTEGRAL CALCULUS, Eiamples on, by J. Hann. 1*. 

4. DIFFERENTIAL CALCULUS. Kxamples, by J. Haddon. U. 

6. ALGEBRA, OEOSIETRY. and TRIGONOMETRY, in Easy 

Mncnumicnl Lcssans, by the Rot. T. P. Kirkman. In. fiif. 

7. HUBTERRANEOUS SURVEYING, AND THE MAQ- 

HETIO VARIATION OF THE NEEDLE, by T. Fenwiok, 
with Additioiii by T. Baker. 29. 0d. 

T, STA'nOHERS' HALL COURT, LUDIiATE HILL. 
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4 CIVIL ENGINEERINO WORKS. 

131. RBAPr-RECEONEB FOB MILLERS, PAKUEBS, AND 



136. EUDIMBNTABF ARUUUBTIC, h; J. Haddon. f^tdf 

A. Armiin. U, ^. 

137. KEY TO THE ABOyB. by A, Armsa. 1*. 60. 

147, 8TEPPINQ STONE TO ABITHMBTIC, by A. Ann* 

148, KKY TO TEE ABOVE, by A. Arman. 1». 

158. HIE SLIDE BULE, AND HOW TO USE IT. 
Slido Hulo in b potket or coror. 3j. 

109. DRAWING AND MEASOSING IKSTBUMBHTS. ] 
eluding — IcBtrnmeiitB employed in Geometrical and U 
oical DniwiDg-, the Canatruction, Cop^iog, and Haann 
of Map?, PlanB, Ice., bv J. V. Heatues, U.A. li. 6d. 

IGO. OPTICAL INSTRUMENTS, mow CT^,^ially T" 



170. SUETETING AND ASTRONOMICAL TSSTKUM 

iDoluding — InetrumeDti Used for Determining Qis QeoWK I 

trical FeoturoB ol a portion of Ground, and in AaTranoraiHl \ 

ObMrvationa, by J. P, HBirnKH, MJ. Is.Bd. [Ifuvrrnif. 
•,• Thi abttt Ihrtt volumes fon» BH enlargement of tlii AfUil^l J 

oriyrwol tPor*, " llaUnmolfeal Imirameiils," the lintk Et"" 

ofiehich (A'o. 32) 1J ilillBii salt, price U. 6d. 
FRAOTICAL PLANE QEOMETET : Qiring th« S 

Modes of Constnioling Figorei contained in one Pl_... 

J. P. Hbatuer, M.A. 2». {Juttm 

PROJECTION, OrOiographio. TopographLo, and Pen 

giiing tbo ForiauB modos of Delineating Soli ' " 

■tractions on a Single Plaae fiurfaoe, by J. F 
•,' TAt aboKi live rolumei, wilh the AulRor'i 

Ih* Serin, " Deacripliee Gtomeiry," mill fori 

mmlary Ooiirie of JUaihemaCical Draiein^. 



CIVIL ENGINEERINQ. 

15, CnnL ENGINEERING, by H. Low and G. B. BiiroelL '. 

Edition, with Additions. 5t. 
29, DRAINAGE OF DISTRICT3AND LANDS, bjG.D.Dmpil 



H'.M ATo. mcSmp- 



id Saaaat if Tbmw, St, 



PCBUSHEO BY WJCK.WOOD « CO^ 



V NAVIGATIOS AND NAUTICAL WOEKS. 7 

114. MACHrKERr,CoastruotionandWoHcing,byC.D.Ahd.l»,6rf. 

116. PLATES TO THE ABOVE. 4Lo. 7*. 6d. 

125. COMBUSTION OF GOAL, AND THE PHKVBNTION OP 

SMOKE, bj 0. Wye Williutw, M.I.C.K. 3*. 
139. STEAM KNGINB, MatlieroatU'al 'J'hcory of. bj T.aier; It. 
162. THE BRASSFOUNDERS MANUAL, bv W.Oraham. 2i.M. 
16t MODERN WORKSHOP PRACTICE. 'ByJ.G.Winton. 3*. 
165. IRON AHD HEAT, Kiliibiling ihe Principlee conceroed in 
Iho Conetruction of Iron Brams. PillarB, and Bridge Girderi, 
■nd the Action of H«t in tlie SmelCing PumBoe, b; Jaiirb 
ARiiorn, O.B, Woodcula. 2s. 6rf. [A'oio read//. 

1 166. POWER IN MOTION : Hor«e Power, Molion, Toolhed Wheel 
Qwring.Lcpngand ShortDmingBandf, Angular Poroee, Ac., 
by Jaxkb Arjiocb, C.E. Wilh73DiagraniB. 2«.6rf." [JVow rwrfy. 
!, A TREATISE ON THE CONSTRUCTION OP IRON 
BRIDGE9, GIBDHIIS, ROOFS, AND OTHER BTRUC 
TURKS, by F. Cnmpin. Kumprmis WuodcuM. 2). [Reaiff. 
\. THB WORKMAN'S MANUAL OF ENGrNEBBma 
DRAWING, ly JouN MiiTON, Inetniutar in Engineering 
Drawing, Eojal School of NbtbI Aichiteolnre & Marine Engi- 
neering, Souw Kensington. Flat«a£DiBgninie. 3). 6d. [SiaSt/. 
\, UININa TOOLS. For the Ub« of Mine Muisgers, A^ta, 
Mining Stiidonlj, &i!., by William Mobojki, Lecturer on 
Mining, Bristol School of Mines. 12nio, 2(.U<'. [Jfou! readv. 
fe».ATLA8 OF PLATES to the above, oonlaining axi lUnntra- 
tunu. 4to. 4i. Grf, [Xow rmdy, 

i TREATISE ON THE METALLDHGY OF IRON ; con- 
taining OutlineB of tbe H istory of Iron Mannfscttire, Melhode 
of Auay, and Analyeis of Iron Ores, Proceaeee of Manufattnre 
of Iron and Steel, Lc., by H. B»dehiiak, F.G.8., A.R.S.M. 
BeMndEdition, rcviwil and enlarged. Woodcuts. 4j.'!d.r^cnrf^, 
COAL AND COAL MINING, bjW.W. Smyth. [/Hyfopnro(iD». 



NAVIGATION AND SHIP<BUILDING. 

BBATAL AECniTECTURE, by J, Peake. Si. 
'% SHIPS FOR OCEAN AND KJVEK SERVICE, Conatruction 
of, bj Captain H. A, Sommerfeldt. Is. 
K ATLAS OP 16 PLATES TO THE ABOVE. Drawn for 
Practice. 4to. 7*. 64. [Hiprudin?. 

M. HASTING, MAST-M.4KINa, and BIGGINQ Ui< SUIPb, 

byR.Einpini;. \c.&d. 
64*. IRON SHIP-BUILDINa, by J. Grantham. Fifth Edition, 

with Supplement. 4». 
64«. ATLAS OF 40 PLATES to illustrotethepreceding. 4to. 38b. 



I 



f 8CIESTIFIC WORK& 

66. NAVIGATION; the 8»ilor'i Sea Book: Ho- to Keva^li 

and Work it off, Uw of aiormB,Ac, hj J. OnvniMJ. & 
83 bit. SHIPS ANIJ BOATS, Form of, b; W. Bl&od. U. U 
99. HAUTICAL ASTBONOMF ASD NAVIOATI0H,l7),l 

7i>ung. 2i. 
too*, NAVI&ATIOK TABLBa for Dm with (Le tbon. kU 
106. SHIPS' ANCHORS for MI SEBVICB8. b; O. OotuH li,tl 
MB. SAILS AND SAIL-MAKING, b.r B. Kippma. SJL ».«. 
166. ENGINEER'S OLiri>E TO THE RurAX AND MM 

OANTILE NAVIKS, bj a PnctJcal Enginscv. Bniwli 

D. F. McCarihj. 35. 

PHYSICAL AND CHEMICAL SCIENCE. 

1. OHBIUSTRT, b7 Prof. Poinie*. With Appeiulii m Ja 

ciilliirftl Chemithrj. New Edition, with Index. U. 

2. NATURAL PHILOSOPHT. by Charles Toinlioson. If. 

3. GEOLOGY, bv Mftjor-Oea. Fordock. New Editiotu UM, 

4. MINEBAL0G7, br A. R>qibt. Jim. 3*. 

7. ELEOTKICITV. bj Sir W. fl. B.rri.. 1». 6d. 

7*. GALVANISM, ANIMAL AND VOLTAIC ELEOTRII 

bj Sir W. S. Hnrris. U. Gd. 
a MAGNETISM, bj Sir W. S. Uarri«. New Edition, reriw 

enlarged by H. M. Noad, TU.D., F.R.S. Willi 165 iroo 

11. HISTORY AND PROGRESS OF THE KLEOTEICTBL 

GRAPH, by Robert Sabine, C.E., F.S.A. 3». 
73. RKCENTAND FOSSIL 8H.KLL8(A Manual of the: 



79"*, PnOTOGKAPHT, the BlereoKope, &c„ from &c 

of D. Van Monoliboven, bj W. H. Tliomthwiite. Xj.ftC 
»C. A.STRONOMY, hj the Rev. R. Main. New and ~ ' 

Edition, with an Aiipendii on "Spoctriini AnalTiii. 
133. METALLURGY OP COPPER, by Dr. R. H. Latnbora. 
13*. METALLURGY OP SILVER AND LHAD, by Lamborn. 
13^. ELKOTBO-METAIitrRGY, by A. Watt. 2a. 
138. HANDBOOK OF THE TELEGRAPH, by R. Bond. ] 

und enlarged Edition. U. 6(i. 
143. EXPERIMENTAI, ESSAYS— On the Motion of 

and Modem Thoory nf Dew. by O. TomlinTOO. 1*. 

161. QUESTIONS ON 'MAGNETISM, ELECTRICmiT, i 

. PRACTIOAI. TELEGRAPHY, by W. MoGrogor. U 

173, PJIYSIOAL GEOLOGY (partly based on PortCxA:'! ""S 

ncntaDfOeo]Dgj"),byRalnhTBtB,A.L.S.,Ac. 2s. [Ifewrt 



[2fMIT 



PUBLI8HBD BY LOCKWUOD i Ca, 



WORKS IN FINE ARTS, ETC. 



EjTOBDLAR and mOH GIEDEB BKIDGES, indudine the 
f Sritaniiift and Coiiwbt Bridges, br 6. D. Uempaer. Is, Gd. 
LbOAD-MAKING and MAmTIBNANCE OP MACADA. 

MI8ED EOADS, by Field- Marehal Sir J. P. Burgoyne. U. &d 
[J&HTHOUSES, their CouBCruotion and lUamination, by Alan 

SterenBon. 3i. 
. EAILWAy CONSTBUOTION, by Sir M, StepbeiiBon. With 



ona by E. Nugent, C.E. 2s. 6rf. 
AY OAF™'' ■■•"-""'■"" 



62». RAILWAY CAPITAL AND DIVIDENDS, witli Stotistics of 
Wofting, by E. D. Chattaway. Is. 



and DISTRIBUTING COAL GAS, bj S. HughM. 3j. 
e2<MH(. WATEE- WORKS FOB THE SDPPLY OF CITIES AND 

TOWNS, by 8. Hiigbes, C.E. 3s. 
1!8. CIVH, ENGINEBamG OF KORTH AMERICA, by D. 

Bfereiuon. 3s. 
130. HYDRAULIC ENGJNEERINO, by G. E. BurneU. 3a. 
I iai. EIVERS AND TORSENTS, with the Mothod of Regulating 
■K their Courae and Channele, Nsrigiiblo Canala, ke., From the 

^K Italian of Paid Frisi. 2i. M. 

I 1S4 



EMIGRATION. 

154 GENERAL HINTS TO EMIGRANTS. 2s. 

157- EMIGRANT'S GUIDE TO NATAL, by E. J. Mann, M.D. 2*. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WAIVES 

WESTERN AUSTRALIA, SOUTH AUSTJtALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird.B.A. 23. Sd. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LAND, by James Baird, B.A. 2j. [Jlcflrfy. f 



FINE ARTS. 

20. PBE9PECTIVE, by Goorge Pyne. 2s. 

37. PAINTING: or, A GRAMMAR OF COLOURING, by G. 

Field. 2s. 
■10. GLASS STAINING, by Dr. M. A. GesBert, with an Appendix 

on the Art of Ensmd Painling, &o. Is, 
41. PAINTING ON GLASS, from the Gorman of Fromberg. 1*. 
69, MUSIC, Treatiea nn, by C. C. Spencer. 2s. 
71. THE ART OF PLAYING THE PIANOFOETB, by 0. 0. 



L 



7, STATIONERS' UALI. COURT, L0DOATE HILL. 



WORKS IN MECIIAKICS, ETC. 



LEGAL TREATISES. 



BtL UW OF CONTRACTS FOQ WOBEB AKD BEKTHH, 
^*^ by D«Tid Gibboiu. U. Gd. 

\m. THH CODNIT COURT GDTDE, bj > IJBrri«tor. l«.6i 
i08. METROPOLIS LOCAL JCAN4GKMRNT ACTS. li.M, 
lOe*. MBI'BOPOLIS LOCAL MASAQKMKNT AMKNDMSH 

ACT, I8tf3 ; with Nofcs and Indei. I.. 
A'm. lod and 108* >• n™i. »«. M. 
lOB. NUISANCES HKMOTAL AMD J)18KASKS P] 

AMENDMENT ACT. 1«. 
Ua RECENT LEOISUTIVE ACTS appljing to Qnitnctai^ 

Miirclmnti, sad TradMmm. 1>. 
161. THB LAW OP FRIENDLY. PEOVTDENT, BtHJim 

AND LOAN SOCIKl'IES. by N. Whi 
1G3. ma LAW OF PATENTS FOR INTENTIOSfl, IffP. W. 

Cimpin, BBrriitCT. " 



MECHANICS k MECHANICAL ENQINEERINO. 

■ 6. MKCHANICS, by aiBplpi Tomliiiton. In. Cd. 

12. PNEUMATICS, by Cliarl« Tomlirmon. Now Edition, U.ti 

33. CEANE3 AND MAClIDfERy FOR RAISINQ" HEAVZ 

BODIES, tlie Art of Coiutnioting, by J. Gijoi 

34. 8TEAM ENGINE, by Dr. L»rdnet. U. 

^5S. STEAU BOILERS, their Conelniotion and 1 
R. ArmMTOng. With Additi.mn by B. Mallet. ll Sd. ' 
K8. AGBJCOLTCRAL KNGINEERINO. BPILDINGB. MOIW 
f POWERS, FIELD MACHINES, MACIIINBBT AK 
IMPLEMENTS, by G. H. Andrpwi, C.E. St. 
67. OLOOES, WATCHES, AND BELLS, by B. B. Douhm. 1« 



Edition, with Appendix. St. (U. 

Apjir^dix llo the Hi and M EtiUon. , ^^rm 

Ti: BOONOMY OP FUEL, by T. S. Pridaiui. 



'. THE LOCOMOTIVE ENGINE, by G. B. Demp»ey. 

78*. II1LU8TRATIONS TO ABOVE. 4to. 4,. dd. rSeprktk 

80. MARINE ENGINES, AND STEAM VEaSEU, AS]} tl 

SCREW, by Robert Murray, C.E., En^ni?er Solreywlo' 

Board oF Trade. With a Oloasary of 'JVchoical' Tenni, ■ 

liieir equirslenia id Fn>i]ch, Oennan, and Spaniafa. Sr. 

82. WATER POWER, as applied in-MillB, &c., by J. Oljlm. iK 

»7. STATICS AND DYNAMICS, biTBakfT:. NewEditrao. Uf 

98, MECHANISM AND MACHINE TOOLS, by T. Bdur; i 

TOOLS AND MACHINERY, by J. Nasroyth. 2.. M. 

113«. MEMOIR ON SWORDS, by Marey.tranelalpd by MmwbU. 

PUBLISHED BY LOCKWOOD * CO, 



EDCCATIONAL WORKS. 



MISCELLANEOUS TREATISES. 

. DOMESTIC MEDICINE, by Dr. Ralph Goodmg. 2s. 

K THE MANAGEMENT OF HEALTH, bj James Baird. 1*. 

. USE OP FIELD ABTILLEBY ON SERVICE, by TaubeM, 

tninBlated bj Lient-Col. H. H. Mniwell. la. M. 
I. LOGIC, PUHE AND APPLIED, bv S. H. Emmam. U. M. 
. PRACTICAL HINTH FOR INVKaTDSa MONETr with 

an Explanation of the Mode of TranstictiDg BuBraeBS on tlie 

Stock Eii-bangfl, bj FranciB Plojtord, Sworn Broker. 1b. 
. LOCKE ON THE COHDFCT OF THE HUMAN UHDER- 

STANDING, SoleetionB from, by 8, H. Emmcna. 2s. 



EW SEEIES OF EDUCATIONAL WOBES. 



ENGLAND, History of, by W. D. Hamilton. 5s. ; clolh boards, 

69. (AIbo in 5 parts, price la, each.) 
. GEEECE, HiBtory ot, by W. D. Hamilton and E. Lerien, M.A. 

2i. Bd. ; clotk baardB, 3a. Gd. 
BOME, History of, by E. Larien. 2s. 6^. ; elolli boards, Sj. 6rf. 
CHBONOLOGY OP HISTORY, ART, LITERATFEB, 
nd Progress, From the CrFation of the World to the Con- 
osion of the Franco-GBrmBn War. The continnation by 
T. D. Hamilton, F.S.A. 3a. cloth limp ; 3a. Bd. cloth boarde. 
[Ifow reailij. 

ENGLISH GRAMMAR, by Hyde Clarke, D.O.L. la. 
HANDBOOK OP COMPARATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. 1«. 
ENGLISH DICTIONARY, containing above 100,000 worda, 
by Hyde Clarke, D.O.L. 3». U.\ clolh board-, 4>, (Jrf. 

, with Grammar. Clolli bds. 5.1. fi* 

GREEK GRAMMAR, by H. C, Hamilton, la. 

DICTIONARY, by H.Ii.HamiltoQ. Vol.1. Grwk— 

English. 2a. 

Voi 2. English— Greek. 2a. 

Complete in 1 toI. 4(. ; cloth boards, 6e. 

, with Grammar. Cloth boards, (!». 

liATIN GRAMMAR, by T. Goodwin, M.A. U. 

DICTIONARY, by T. Goodwin, M.A. Vol. 1, Lnlin 

—English, 2j. 

Vol. 2, English— litin. U. firf. 

Complete in 1 tdI. Ss. (id. ; cloth boards, is. fid. 

, with Qrammar, Cloth bda.t's.lU. 

FRENCH GRAMMAR, by G. L. Strauss, la. 

, STATIONERS' HALL COURT, LCDGATE HILL. 



10 EDUCATIOSAL WORKS. 

25. FJIENCH DICTIONARY, by Elwe>. Vol. 1. Fr.— Eng. 1 

26. Vo!.2, English— French. 1j. 6* 

Complete in 1 Tol. 2a. Sd. ; olotli boknla, 3f. Gd- 

, witJi Gnmmar. Cloth tidg.4i.( 

27. ITAXIAJt QRAStMAR W A. Elwca. U. 

28. TRIGLOT DICTIONART. bj A, Blwe*. ToL 

Ittlian— English— Frenoh, 2j. 

30. Vol. 2. Eiiglith— French— Italian, 2j, 

32. Vol.3. French— Italian— English. 2t. 

Complete in I Tol. Clofli boards, 7». Sd. 

, with Grammar. Cloth bdl. Si. ( 

34. SFAMISH GRAMMAR, by A. Elves. 1>. 

36. EXGLISH AND ENQLISH— SPAinSH M 

TIONARV, by A. Elwes. 4.. ; doth boards. 5j. 

-, TriUi Gmnunar. Clothboird^fi 



I 
I 



TRIGLOT DIOTIONAEY, by N. E. S. A. 

Vol.1. EngHshr—Qennan— French, li. 

Vol. 3. Gennan-Fronrii— English. It. 

Vol.3. Frondi— German— Bngliih. I*. 

Complete in I vol. 3i. ; aloth boarcla, 4t. 

, vith Gnmmar. Clolhlwtri^l 



46. 

Compli 

«•. GRAMMAR, by Dr. Brpfslftu. u. 

47. FRENCH AND ENGLISH PHRASE BOOff. 1». 

48. COMPOSITION AND PDNOTUATION, by J. Brenwi. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. ' 
60. DATES AND EVENTS. A Tabular View of English " 

Willi Tabular Gwiemphy, bj Edear K. Hand. [/HiVfl.-. . 
fil. ART OP EXTEMPORE SPEAKING. Ilinta for 



Fiilpit. the Smsto, and Ihe Bur, by U. Bautain, ProraMGt 
■'-•'--'■ ■-- "—' [SbwrM 



the Sorbonno, &b. 2i. CmI. [Sbie 



SCHOOL MATTAGEES' SERIES OF EEADING BOOKB, 

Adapted to lh,Reqi,i,-cmciin nf the Xcic Oj* 0/1871. 
^_ Edited by the Rev. A, R. Gbakt, liwtor of Hitrkim, an ' Hononi; 
^L Canon of Ely; formerly II. it. Inspector of Sohools. 

^H Fibs' 
^B Sbco 



PiBST SrANDiRD 3 TiiiHD STAsnAnnO 8 Fifth aTiRD*BDl(l 
&C0Nn „ G I Fourth „ 10 , Sjstu ., 1 S 

The folhwi'ig are ill preparation : — 

lassosa fkoh the Bidlb. Part 1. Old Testament. (Geograpij, 

Imsonb fhoji tije BiBLH. Part 3, New Testament, and Scriptnrt 

PCBLI8HET> BY l.OC'KWOQTi k tQ., 



EDUCATIONAL AKD CLASSICAL W0BK8. 



LATIN AND OBEEE CLASSICS, 



LATIN SERIES. 

I A NEW LATIN DELECTua, with Vocabulariw and 

Notes, by H. Yoving 1, 

fc-O^SAE. Ee Bello Gallico ; Kotefl bj H. Tonng . . 2 
I OOHHELIUS SEPOS; Motes by H. Young . ■ . 1. 
iTIBeul.. Tho GeorgicB, BucolioB, and Doubtful Poems; 
■ Notes by W. Euslitot., M.A., and H. Young . U. 6 

ITIEGIL, ^neid; Notes by n.Toimg ... 2 

EEOBACE. Odfle,Epodefl,a!idC(ira)enSeoiilare,bylI.youDg 1 
I HOBACE. BaHres and EpisHea, by W. B. Smith, M.A. 1», 6 
IflALLUST. Catnina and Jngurtlimo War; NoLea by 

W. M. Doane, B.A 1». 6i 

JTHEENOB. AndriaardHciatontiiiiorumenoE; Kotos by 

the Ber. J. Daviea, MA. If . 6i 

fc'TEBEHCBl. Adelphi, Hecyrs, and Phormio; Notes by 

f the Iter. J, Davies, UA 3 

I TEBENCE. Eunuchua, by Ebt. 3. Bavies, MX . li. S 

JV'cs. 9f LD, und 11 in \ roi. cloth bvards, 6i, 
P OIOKRO. Oratia Pro Seit o Eoaoio Amerino. Edited, 

witli Notes, &e., by J. Dayioa, M.A. (JToid renrfj/,) . , ] 
lOICEBO. DBAmioitia,dBSenectute,andBrntUB; Kotos 

by the Her. W. B. Smiib, MA. S 

fUVT. Books i., u., by n. Young . , . . 1j. 6 
\ lilVY. Booka iii., iy., t., by H. Young . . . 1*. 6 
I UTT. Boots »i., uii., by W. B. Smith, M.A. . Is. 6 
I OATULLUa, TIBULLU8, OYID, and PR0PEETIU3, 

Selections from, by W. Bodham Donne . . . . S 
h BUHTONIUS and the Jatar Latin Writers, Selections" from, 

by W. Bodliam Donne S 

C THE aATIEES OF JUTENAL, by T. H. 8, Esoott, MA., 
* . of Onecn'B College, Oiford I». fl 

7, STATIONERS' HALL COURT, LCDGATE HILU 



EDUCATIONAL AMD CLASSICAL WORKS. 



GREEK SERIES. 



1. A NBW GREEK DELBCIUS, by H. Young . 

i. XENOFHON. AiiBbuis, i. ii. iii„ b; H. Youag 

I. XENOPnON. Anabasis, it. t. ti. Tii.. bj H. Young 

L LUCLiN. Selocl Dialogiio, bj H. Young 

•). nOMKB. IUkI. i. lo ri., bj T. H. L. Leary, D.C.L. 

t. HOMER, lliml, vii. lo lii.. bj T. H. L. Lwry. D.CX. l*.tt 

r, HOMBtt. Iliad, »iLi.toxTLii..bjl,H.L.Leorj',D.Ci.l#.«4 

}. nOMHE. UiKl, lii. to air., by T. H. L. Learj, D.C.L. 1». U 

). nOMEB. Odyawy, i. lo TJ., by T. H. L. Lesry. D.C.t. U. U. 

). nOMER. OdyB»(jy.vLi.loiii.,bjT.lr.L.L«orj,D.C.L.lj.M 

1, HOUER, Odyssey, liii. to iTiii.,bjT,lr.L.Leiiry,D.C.L.U8j 

i. HOMEB. Odyssey, III. to HIT. 1 uid nymtu,bj'T.H.L 

Leary, D.C.L i 

). PLATO. Apologia, Crito, and Fboido, by J. DariM, W.A. J 
I. HERODOTUS, Books i. ii., by T. H. L. Learj, D.C.L. I». 
S, UBEODOTUS, Books iii. iT., by T. H. L. Lcsry, D.Ci. li.fl 
J. HEBODOTOS, Books y. ri. vii,, by T. H. L. Learj. D.CX. Ij. S 
r, HERODOTUS, Books viii. ii., and Indoi, by T. H. L. 

Leary, D.CX U.i 

i. BOPHOCLES. OMipui Tyrannus, by H. Toing , . : 
}. SOPHOCLES. Antigone, by J. Milner,B.A. . . . : 
J. EDRIPIDES. nBGiibaBndMedea,byW.B.3milli,lLl. 1j.( 
i. EDEIPIDES, AJcostis. by J. Milner, B.A. . . . : 
). MBCHYLU8. Prometheus Vinctua, by J. Daviea, M.A, . 
J. .ffiSCHYLUS. Septom ooiilra Tlieba», by J. DaTies, lijL 
). ARISTOPHANES. AcliBrnanses, by C. S. D, TowDBhend, 

M.A 1,.( 

1, THtfCYDrOES. Poloponnasian War. Book i., by H. roong I 

!. XENOPHON. PanegyriooaAgeeilauB,byLl.F.W,Jewitt li.fl 

LOCKWOOD i CO., 7, STATIONERS' HALL COURT. 



London, Ftdruary, 1872. 



WN & STANDARD WORKS 

ENGINEERING, ARCHITECTURE, 

AGRICULTURE, MATHEMATICS. MECHANICS, 

SCIENCE, &c. &c. 

LOGK^VSTOOD & CO., 

, STATIONERS'-HALL COURT, LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, &c. 

Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE oo the WATER-SUPPLY 
of CITIES and TOWNS. By William Humher, Assoc lost. 
C.E., and M. Inst. M.E. Author of "Cast and WrouEht Iron 
Bridge Canstmction," &c, &c This work, it is expected, will con- 
tain about 50 Doulde Plates, and upwards of 300 pages of Text- 
Imp. 4to, half bound in morocco. [/n tktprcsi. 



modi this de/xaiineiiS ofen^mering laeir sficcial study. He km thus 
been in a position to prepare a work uiiiiA, within the limits ef a 
single vcluBie, viill supply Ike reader with the most compldt and 
rdiaHe infinmilien upon all subjects, theoretical and practical, cen- 
ncOedviith water supply. Through the kindness of Messrs. Ander- 
AW, Bateman, Naiaksliy, Homerskam, Baliiaiin Latham, IjraisBU, 
Milne, Quick, Rarodinson, Simpson, and others, scleral 'Mirks, con- 
structed and in course of construction, from the designs of these genilt- 
men, will ie fully illustrated and described. 

Histoiiciit SlKIch of Ihe means that havE been proposed and ailDpteil lor ttc Supply 
f Wnter.— Walet and the Foreign Mancr usiialll' assotialed with il.— Rainfall and 

ad Filter Bed Appendages,— Pum — ,,— 

lllvSTB and ConduiLs, Amieduqls, Syphon* kc- 
feteis and genera] House Finings.— C<»I of Work^ for the Supply of Water.— Con- 
But and tnlermiltent Supply.— Suggestion! for preparing Plan^ &c. &c., tpgethel 

^Dokennoiith, Dublb. Glasgow, Loch Katrine, Liverpool, Manchetter, Ktithcrhanil 
tanderland, and several others ; with copies of the Conuoin, Qtminw awl ^jwi*. 



^^^^ 



I'jfum 



WORKS PUBLISHED BV LOCKWOOD * CO. 



'umber's Modem Engineering. First SencL' 



I 



A RECORD of the PROGRESS of MODERN EKGDCEB-j 
IJJG, iS6i Comprising Civil, Mechanica!, Mirine, Hv 
' ltiv)WH>; Srf<!{;c. «nd otMi Euginccciiia Works, ftc, llf W 
''HUHneit, Assoc. Inst C.E., Stx. Imp. 410, wtiL ]6 
~PUtcs, drawn lo n [nrge scale, and Pholfigniphic Portrait of 
iUwkshaw, C.E., F.K,S., && Trice 3/. y. half 
jU« of At Platrs. 



mdoniSDIionuidXwf— L.B.(^S,CIUiL 1 is 3 Mc H 

Soirtliport Pwr Hindis Mr. J 

Vlcurii Suiiinuid I((»[-I.C.&D. &G.W. _ 

lUDmyi iitDijA Mr. Inlin Foaln.CB. ■ 

RvarufCnmonaMtiwIUll..... .,. i« Mr. XViUiiuftHuinbi^fl 

BtidnuverG. K. tUih^r, 17 Ml. Tnicph Cotau, CI ' 

UotrfoTSiaiinB— DuichRlwnahKiiUwsr .. iSuidig Mr. EiucbedL C.K. 
Biidce over ilw Tb*a«-Wai LoDdaii Kb 

Iccitiun RuiLwiy H to 34 Mr. Wmia»B>lia,CK L 

ArowiirPtalo .5 Mr. Jaiu«Ch«liiMl,at 1 

Su.[-n.lnnilrL.lg.,Th»m« rf « .9 Ml, Kltt W. nMk«f3* i 

The All«a KiiKiiu -fi Mc. O. T.Pwu^lU 

Underground RaU»«y 3*1036 Mr. John Foiriei, CR. 

Witli co|HOtts DeKiipti'ra Letterpress, Speciticatioiii, 4k-. 




" HinduirMly lUhocn^ifaed and [iritiieO. 1' 1 
gurdauct of the tomnciort Foi many impDrtut c 

Humbet's Modern Engineering. Second Series. 

A RECORD of tile PROGRESS of MODERN ENCLNEER. 
ING, 1864. ; Willi Photographic Portrait of Robert SlepbiiisoD, 
C.E., M.P., F,R.S., &c Price3/.3J.iialf morocco. 
List of the PliUts. 

Dirkenlieed DDdu, Low Water Buin I to i;' Mr. G. P. Lymr. CE. 

during CroH StaliDD Roof— C. C. Railway. 16 to iB Mr. Hawlahaw, CB, 

DigtwiU Vkdust-Creat Nonhem Railway, 19 Mr, J, CuUtt, C.E. 

Robhery Wood ViadLol— Great N. Railway. ao Mr. J. Cuhiu, C.E. 

Clydach Viaduct— UarU^r, Tredegar, and 

Abery.™nn. Railwav 

Ehbwl 



Mr, Cardnw, C.E. 



Colleee Wood Viaduct— Cornwall Railw 
Dubbn Winter Palace Roof. 



r^OrdiihaLePeuv 



Bridge over the Ttaoie»-L. C. & D, Rallw. ij to ja Mr, J, Cutttt ( 
■"-" ' " -' 33 10 j6 MsEHX. Bill a niUO'. 

Letterpress, SpeciBcatioiis, &c. 



" ArviWHr/DfalllhefnoreinlerebtingandinipartaDlwarka latdy completed in 
titaio; md tonuuning, at it due^ tnrefully executed dranKngi, witE full »(._,. 
Elaili, wdl be found a valuable accessory to the proCesston at lirge."— £«j™«r. 

"Mr. Hiunberhudt 






_fifeiEUnples he hu here brmigU bcCun 



K WORKS FUBUSHED BY LOCKWOOD k CO. 

Humberts Modern Engineering. Fourth Srn^, 

A RECORD of the PKOGRESS of MODERN ENGINEEtJ 

»ING, iS66. Imp. 410, with 36 Double Plaies, drawn I 
sole, nntt Photographic Poitnil of John Fowler, Esa, 
of the Institution of Civil Eiigineen. Price 3/. 3J. half-i 
List oflhe Flala ami Dia^ami. 

NAHU AID DKICIIPTIOK. rLATIO. NAMI OF E 

Abbey U Ult Pu iniwii Salios, Uiin Dniug^ 

Hctmnoli^ 1104 Mr. BuBtMle. 

B««fwD«Vt J ui» .Moir..Mtl™ 

Manituii Viaduct, SuIiilD ind Vklpwalu 

kahosv », n Mr. W. i^y\.\ 

A<liini|-I^."iir>ins. S(.Helai'>Cuulltii1ir. 11, ij Mr. H. Crvu. (. t. 
C^miaa Street Hwikoa Roof, ChtrniC Cm* 

l(ill».v .- 14 IB i« Mt. J. HmvWiju-. 1; L 

RiKKjUixltcnvcrtha River Hokii n. )■ Mi. H. WaW-l^d.M. K. 

Tclqirjuhi'- Apuaiuui Tw Maaponnut .... la Mt Sicnia^i, C.K, 

Vuduri^cKtic River Wy«, Midland R^w. » ton Mr W. H. naiW.CI. 

Sl (icfn^ini V'lailuct, Conwull Rulmr .... as, i« Mr. [In<nel. C.E. 

Wruuih['lruiCvliD((arorINnD|BaU ij Mr. J. Oxxlc. CE, 

Millw.llDi^b •61031 Mt..n.J, f™1b,C.E,>bI 

Milroy'lP»lrn. Kxcv.™ J* Mr. Mfl^y tT"*^ 

.MciioiwliiKH Di.lntt BaUway « 1038 Mr. J. Fuwler, Enswee™- 

jXi)ii!c,E. '■ 
ttubouisr^m, and Breakwaters A to c 

?»(■ Lttterfress eBmprisa— 
A concIudiiiE article on Harbours, Ports, and Breftkwiters, inlh 
lUustmtbtii and detailed descriptions of llie Breakwiler ■( Cher> 
bourg, and other important modem works ; an anide 00 llie 
Telegraph Lines of Mesopotamia ; a full description of the Wroiiskt- 

» iron Diving Cylinder for Ceylon, the drcuinslances ander '>fb>CUh 
was used, and the meuia of working it ; full description of H 
MiUwttU Docks ; &c., 4c., &c. S 

Of imam bJ the Prat. I 

'*Mr. Humbert 'Record of Modem Enfineering' ia ■ work oT pcculwitfd^l 
well !□ ihaie who design u to iboie who itudy ilie an of eaginsenBc ooimBh 
itembodiaaviKainauiilorpiiictlialiiirDrmaiiDn intlie forin uf fuUdooSS^^I 
wgrltiiig drawing! of all llii: mom recent and nolewonhy enpneeifng mrlK. SB 
plntcBarecxcelinilly titltographed. and tiie Dre&ent volume of tlie 'Rccord'^flH 
whii beiiiad its |jrtdecei50ri-"-"^«Ao'««:r' Mapuine. ^H 

" We glad^ weiwiiie "«•>" X^u's is^= of tils valiiaWe publieitiM ftom A^l 

kaown, vrliile ita utefuineEA in ^ving llie meaaurernentB and details of Mnt^Afll 
lateel exacnplet of engineering, as carried out by the meat eniinenc rata In ttafl^fl 
iion, cannot be too h^Wyptfied."-.<rti'™i. "'F™ 

cvmolfaii to prove a cTxoBt important addition to every enginecrmg litcBry.^—JnS 

" No one of Mr. Hiimber-j Tolim.e. ™s bad : all .ere vrarth their cow, fi«Jl 
nuus 01 platea from veU-eaeculed dr^wfngi which tht y contaLned. In thil i^Bfl 
;>erhaiH, tbii last volume is the moat TolitiLble that ttve luilut t^a ^Awiue^ *— J4BI 
/lia/Afaiasici' JtnrKot. ^ 



^P WORKS PUBLISHEU BY LOCKWOOD &. CO. ; 

'lumber's Great Work on Bridge Construction. 

A COMrLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
I Iron Foundations. In Three Parts— Theoretical, Practical, and 
Descriptive. By William H umber, Assoc. Inst C.E., and M.InsL 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates [30 of which now first appear in this edition), and numerous 
additions to the Text, Iq z vols. imp. 4ta, price 6/. i6t. ^. half- 
bound in morocco. [Recently publithed. 

IBcb enlancc Ihc imuniclive woilh df thne niusUadoDs. No enginsEr nould wil- 
m^y be wilhoul so valuable a fund of infMmalion. "—Civil Eagiiuer and Arckitict 1 

" Tho Fiist or Theoretical Part conUina malhemalical invEBtigalioia of the min- 

VMBtua^DHS are exceedingly compleLe, haviog evideatty been very carefuUy cqn- 
tdEredand worked oiu to the utRiosteilent that can bedeviled by the piaclical man. 



iron structures actually creciedr The volume of leu ii amply illus- 
nted tty numerous woodcuts, plates, and diagrains ; and the plates Lu the aeeood 
'plume do great credit lo both drauehtsmeu and engravers, lu coneltisiov. we havo 
pValpleasure ia cordially recommendinE this woric lo our readers." — Artisoft, 

" Mr. Hurober's sTately volumes lately issued— in which the most imppnaot hridga 
:iobitt. Mr. Hawkshaw, Mt. Page, Mr. Fowler. Mr. Hemaus, and others ainong our 

Weale's Engineers Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formeriy Wealb's). 
Published Annually. In roan tuck, gilt edges, witn 10 Copper- 
Plates aad numerous Woodcuts. Price 6j. 



\t at really valuable matter condensed into the small d 



Bines ; to Aem it wiH prove a handy book of reference on a variety of luUects mors 
H k» intijoately connected with their ptofesaion. Ii miglit also be placed with 

■'TheiSBpimenl of the late Mr. Wealths ' Enginiti's Pcciil-BaJi' to Mesai. 
Lockwood a Ca. has by no means lowered the standard value of the wort It u too 

Jie obsetvation^lEal this "conlinua'tion of Mr.Veale's iries of Pocket Books weU 



I louE cnioytal. Every branch of engineeruiB 
tn ^everyltind abound."— ^/«-*Mi=r' Mag. 



^™™?>,'!..'°,™^!^.P^™v. ?L™.^!- 



,..__ _ Mrdklly 
ncrally."-^«,>.j ? 



Iron Bridges, Girders, Roofs, &c, 

THE APPLICATION OF IRON TO THE CONSTRUC- ■ 
TION OF BRIDGES, GIRDERS, ROOFS, and other Works. 
By Francis Campin, C.E. With iwnifitcnjSi'ill.'iavs&W. Yi-t&a, 
cloth boards, 31. V3"St tv.W«l«i 



treatiK upon Ihifl particuUr bibjcct," — Exgit 
"Tllc prcaenl edllian OITera some importsi 
■ddilioni ore both unnBvaBidnluible, cd 
Ihe $[rai£ih of cut-iroq ; extracts froin papcn 
W. H. BuldW ; an article on Ihe ilrengili -' - 




\ WORK6 PUBLISHED BY LOCKWOOD * CC. 
'^rbv> on the Strength of Materials, eHlarpi,\ 

A TREATISE ON THE STRENGTH OF MATERIAIS 
with Halts for applicadon in Architcclnrc, Ilio CiiniilnirttilB !| 
Swpcniion Vridgo, Railway:!, &c. ; nnii an ApM " ~ 
k Power of l.ocamotive Ei;elniA, aad the cRect of ir 
'-Tod grmdicnis. By Pkter Ba»Low, F.R.S.,M«m.l 
tf tlu Iniii. Knd Roytl Acsdemief of St, Petonbgr^ 
>f the Amer. Soc. AtU ; and Hon. Mem. but. C 

V and considerably Etilnrgcd Edition, i 

_>, W. Barlow, F.R.S.. Mem. lusi. C.E. and W. 11. 

KV.R.S., Mem. of CouocU Inst. C.E, to which ar« a<M. 

■wit uT KxperimenU by Eaton IIoMtKiNKii*. F.H.S., v 

PTairbairk, F.K.S., »nd DAVin KiKtCAt-PVi sn I-> 

alions) on Ihc effect pn«lucril by passing \V..f-i ' 
c Ktri, by the Rev. RnHURT WlU.rs, M.A.. F.K-'-. 
KTonnnla! for Calculnling Girdcts, ftc. The wlialv ojurn,: 
ftadiled by William Hduber, A»oc Inst. C.E., knd M' in 
JLE., Author of "A Complete ind I'mctiodl Trealltr on ( . 
■Wrought. Iron Bridge Con«tnielion,"&c- &c Demy fivii, 40 ,, 
wUh 19 lor^e VhXes^ and numerous woodcuts, price l&. duth. 

ihu QadeTgQncrouidcrBb1eiiBr'-_- 
ta ine pioeni acts. Il ii me of the £nt boulu of u 

" Allliough iiHied D tbc uth idkisti, Un Tolimt under cDiuideHniao amtltiy'l 
bcine Tcairkrl for »]1 prnclicat purpHO, na an ennrely new wc"' .l.i_.l 

U uncli.J.lcdIy wQithf oT ihe hfcht- -"-■— — ' -' - 

Iheliljr.Fyofcv -----•■ "«- 

IIWM who reqiim — w.-".. .t . , 

lUIXltinlanBatluahu b«nuDdertakeab)-Mr. Hun 

a tidt reniiitinii ■pedRl cart and ability to rendtr ii 1 mceoti, which Ibi. ciiii-n rn* 
certainly it, Hr has givon the Hnlshmg taach lo the volume hy introdudnj s.i.- .; , 

bfl appreeialed by the membcn of the enroeenng-prorcHion,'' — -itaciai^t^ M^gamm. 

"A.Ub1c which no en...._ , . . 

fona It* foRDcr value a much uicrvwd^" — CoiUfty Cmar^ian. 

" The ben book on Iln lulriecl whidi has yet apfsated. 

iini clau, it doervcb a fortmnt place on [he hcnkihelvu ol 
practical mechanic- "^fi*^^* Mtekamc 



la hehaidrmr of ftrden Eal^ea^ Ea the vibn^ea di «. 
cfta^gjiij load, and cm varitms cast and v-- — "" = — ' — — :^-— -i... —■.±_.i^ 



WORKS PUBLISHED BY LOCKWOOD & CO. 7 

Sirains.Forniuia; & Diagrams for Calculation of. 

: A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
I STRENGTH jconsistingofFonnulteandCorrespoQdingDiagiams, 
f with numerous Details for Praclieal Apph'caKon, Sc By William 
I HUMBER, Assoc. lust. C.E., &c. Fcap. S70, with nearly 100 
r. Woodcuts and 3 Plates, price 7j. &/. doth. 

■lid be The sysLcm of ejupEnying diagrams BB a aujAtituLc for cimipLcx 

bwb&niB is one justly coming inlQ p-™' Tavnur, and in tiiai wapeot Mr. Humbcr's 

gTfce ftH-niulffi ara neatly expISisaC nnd the diaeiains Kwi." —AtAmittrm. 
W1h»t a necc»ily exibwd Tor tha bouk a cvideil, we think ; ifaat Mr. Humber has 
lUcved his dskfiTX is equally evident, .... We heanily cammcnd the really Aaiuty 
ES! to our eceineer and aichitact readen."— .^Rf/ii^i Meaiaiic. 

^irains. 

j' THE STRAINS ON STRUCTURES OF IRONWORK; 
1 mth Practical Remarks on Iron Conslmclion. By F. W. Shbilds, 
L' M.Inst. C.E. Second Edition, with S plates. 'Royal 3vo, Jj. cloth. 
tCOKTKKTS.— InUiiductnry RfmarLi; Beams Loadcdflt Centre j Reams Loaded at 
^qiial distancH between stipp4}rl£ ; BcaDni unifornily Loaded ; Girders with trJaoEU- 
■r brmcine Loaded at centre: uitio, Loaded [t I unequal drstantes between lappaiti ; 
E — — %rmly Loaded ; Calculation of the Strains on GirJers with triangliliir 
anDlevers^ Continuous Girder.s^ L^itiice Girdera : Girden with VeidcaL 
Diagonal Tinr. ; Calculation of the Strains on IHUD : Bov and Sttiuc 
■_j e - c^_ .. ».5len*Hlglo any regular figure ^ Plate Gitdeiv " '" 



j2^'_ 

MiotuDaits aS Material to Strain ; Contparifon of di^erent Girders ; Fr<vertioii 
ailjlli til Depth of Girders ; Chanctet of the Work ; Iron Roofs. 

'^onstnicHon of Iron Beajns, Pillars, &£. 

IRON AND HEAT, Ejiiliiting the Principles concerned in the 
Conatruelion of Iron Beams, Pillars, and Bridge Girders, and the 
Aj:tiDll of Heat in the Smelting Furnace, By Jaubs ArUour, 
C.E. Woodcuts, i2ino, cloth boards, jj. dd. ; cloth limp, zj. &/. 
[■fiist fiiblitiiii. 

'■'Avery useful and thotoughly practical little volume, in every way deserving of 

S£nUtion amnnpl working mtn.'— Mining Jmrna!. 

■"No ironworker who wlsbei to acquaint himself with the prindplei of his own 

fezver in Moiion, 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, ftc. 
By James Armour, C.E. With 73 Diagrams. lamo, clotk 
boards, 31. bd.; cloth limp, 21. hd. \yust fublished. 

trigonometrical Surv^ing. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Militsiy Recon- 
naissance. Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulie and Tables for Facilitating 

' their Calculation. By MajoR-Genbral Frome, R.E., Iiupector- 
Generalof Fortificalions, &e. Thitd Edition, revised and improved. 

' With 10 Plates and 113 Woodcuu. Ro-j^i^^o, \ai. i^\c&. 



WORKS PUBLISHED BY LOCKWOOD Sc Ca 



L 

f HYDRAULIC TABLES, CO-EFFICIENTS, and FOl 
for finding the DUcharge of Water from OtiBcei, Notches, 
Pipe*, and lUvcra. By JottM Nevillb, Civil Etwineer, M. 

Second Edition, with extensive Adiiitioni, New Formula^ Ti 
and GcDCrd Infurmalian on Rain-fall, CatchmenC-Basiits, Dn' 
Sewenge, Waler Supply for Towns and Mill Power. Wti 
rous Woodcuts, Svo, i6J. doth. 

*,* This wurk contaias a Tut number of diHereot hjt 
formula, and the most exten^ve and kccuiate tables yet pal 
fnr Anding the mean v«locLly of discharge from (liangukr, ^ 
lateml, and circular orilices, pipes, and rivers ; with experii 
results and co>clTicients ; cilects of friction ; of the vdot 
approach ; and of curves, bends, contractions, and expaniioci 
li«st form of channel ; the droinocc effects of long and short 
■ ■ ■ t of back- 



and weir-buins ; extent of back-water from « . , _ 
channels; catchment-basins; hydrostatic and hydraulic 
" "";r-power, &c. &c 



A TREATISE on the PRINCIPLES and PRACTIC 
LEVELLING; showing its Application to Purposes of 



I 

^H and Civil Engincenng, in tbe Construction of Roads ; with 
^M Tbi.pokd's Rules for the same. By FitiiDBRicK W. Sr 
^1 F.U.S., M. InsL C.E. Fifth Edition, very carefully reviie^ 
^H tbe addition of Mr. Law's Practiod Enamples for Set^ 
^H Railway Curves, and Mr. Trautwinb's Field Practice of 1 
^H out Circular Curves. With 7 Plates and numerous WoodeoU. 
^f Si. 6f/. doth. *,* Tkautwin'E on Curves, separate pd 

"Oae el Ihi noit [mpurunl uil-boiilu for Ihe gtncnl turvcyor, lad 4 

■ouwiy « quatjoii conueclcd wilh kvdlli^ (or which 

Uut would be Hli(raclDri])r aiiiwErod bj coiuulting Ibc 
" The tsxi-book on IcTcIling [d mut af out cngbttring icheo' 

'■ The publinhcfi ha« rendtrtd s subauaiiJ semce to lh« pnjfe 
Ihe younger mem ben, by hrmgLDg out the procul edition uT Mr. Sin 

Titnnel/tng: 

PRACTICAL TUNNELLING ; explaining in Detail the SeUioj 
out of the Works ; Shaft Sinking and Heading Driving ; Rangsy 
the Lines and Levelling Under-Ground ; Sub -Excavating, Timber- 
ing, and the construction of the Brickwork of Tunnels ; with Ibc 
Amount of Labour required for, and the Cost of the vurious Pot' 
tions of the Work. By Fredk. W. Simms, F.R.A.S., F.G.S,, 
M, InsL C.E., Author of "A Treatise on the Principle* and 
Pnictice of Levelling," &c &c. Second Edition, revised Iw W, 
'^ "■ Civi' ----- ■ ■■— -'■ ■"~ - '^ 



Davis Haskoll, Civil Engineer, Author of 

FieJd-Book," &c. &c. \\\ ' - 

Woodcuts. Imperial Svo, 



"The Eneiai^ 

r3 



WORKS PUBLISHED BY LOCKWOOD i CO. g 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
I Iron- Masters, Millwrights, Architects, Founders, Smiths, and 
, otbeis engaged in the Construction of Machines, Buildings, Sec ; 
containing Practical Rules, Tables, and £xa.mples, founded on a, 
seiies of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Trewjold, Mem. Inst. 
.| C.E., Author of " Elementary Principles of Carpentry," " History 
|, of the Steam- Engine," &c. Fifth Edition, much improved. 
I Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
I, EXPERLMENTAL researches on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calcuktions Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor, The whole Illustrated with 9 Eagiavings and nome- 
rous Woodcuts. Svo, lu. cloth. 

\' Hodgkinson's Experimental Researches on the 
Strength AND Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. Svo, price bs. cloth, 

T/ie High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safe^ and 
Economy. By Dr. Ernst Aiban, Practical Machine Maler, 
Plan, Mecklenbeig. Translated from the German, with Notes, by 
Dr. PoiE, F.R.S., M. Inst. C.E., &c &c With 18 fine Plates, 
Svo, ids. 6J. cloth. 

' "A work like this, which goes ihoi 

IBgino, (he boiler, and ila appiMid^ei , 

kivEcr sdEnliRc library. "~^/c«in Shiffaig ChnmUL. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 

for selling out Curves from 5 to 200 Radius. By Alexander 

Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 

cloth box, waistcoat- pocket siie, price 3j. bd. 

" Each labli n priand an a saLil] card, which, being placed an the iheadoliu, leaves 

ha tivtda ^c to manipulate Uie Enstniment — no amBll adTantagf as regards the la^udity 

rfwork. They are clearly printed, and eompMlljr fitted into a small case for Ihl 



" Very handy : a Tnan may knaw that all hiB day's v 
iwda, irliich he puis into his own card-cose, and leaves 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautwink, C.E., 
of the United Stales (extracted from SlMna's ■WoA.o'B.IjeTtdKsi^. 
Svo, S-r- seii-ed. 



WOkKS I'L-BLISHED BV LOCKWOOD * CO. 



Estimate and Price Book. 



^BefM*c 



THE CIVIL ENGINEER'S AND CONTRACTOR'S! 
MATE AND PRICE BOOK ftn Home at Fofdgn S 
in reference to Rdads. "R.iilnnvs TrsmH-ni. Iioelis, I^ 
Fofts, ForUficBiions, 1 ■ ., . - _ 

, Ganworks, S' ■ 
'Kh SpeelficAtians i 
_ .. . Maintenancf, ?.- 
ef Machlnerr, Plnin, I 
WmU By W. 1>A 
"Woodart*. I-ubU-li. ■: 



* rumiihiiu ■ VI 



neiy r>( ■ 



Surveying (Land and Afarine). 

LAND AND MARINE SUKVEVINQ. in Rcfcrcno! 1' 

Prepntntinii of Pious for Rniulii >ii(! Ri)<tway!i, Cuwli. Rtnnil 
Towns' W»lcr Supplies, Uocki iu«l Hal-bnun ; with Den^ 
•ndUw of Surveying InitnimciHs. By W. Davis IIaskoUiC. 
Autlior of "Tli« Engincer'i Field Hunk," " Example* of Ai 
and Viaduct Cotutiuctioi)," ita. Ucmy Svd, price itt. ii. d 
\ntb 14 foldbg PlUea, and numerous WcodcuU. 
" ' IaihI ud UanoB GiirvawB' i* ■ inciflt vtdiii 4pd wd] amui^ed buoli (« 

^ oT a iiudopt .... We can >imiu>li> ro»tnioD»d ii u « vnRtullv-w 

■n4 valUBbl! l«l-Uiok."-5«.7,('n-, July ■+, 1866. 

iMtUiciblii n Aa oibiuii capully. ll Ii in &h^ M>. HniMaW einU, Hi 
kmiwlediie lad cxpsriinc«, and can w E<vg e^Kwon id ii a* in pmIb my ohb 
uriiich he wriut, clur tn the youngest pupil m a niiveyac*t o(ncD. 
woricvQlbc found B luefulanE lo men of eiperience, for iheie am fc 



,__ :; but It is lodispei 

CWnnv Cnw^MH, May g, iS«& 

" A rslune v^^ch cuniioc &i) 10 provo of the lA 
■■ODawUllauylMiiiIily iwammiindcd ts all in 
tad tinctt sweyort < Jind frnn the exhaustive 
placed nil loa^ ucpeiienee at ihe disposal of his r 
CKCiue for ihc eanplBJnt that youiiE pncilTlotieE^ 
BefUd df thair wnlon npoiflt oui ihn impaniui 

_a: ... .!_ .u^— -J, 1^ ijn n„Jy of Ihc < 



tuLie Id the > 



imlily ranply die de<tc 

Engineering Field-work. 

THE PRACTICE OF ENGINEERING FIELDWOM 
applied to Land snd Hydraulic, 1 Ij^drograpliii:, and SubBU 
Surveying and LevellinE. Second Edition, revised, with eons 
Bblfl ftdditions, nnd a Soppiementary Volume on WATER- 
WORKS, SEWERS. SEWAGE, and IRRIGATION. 
Davis Haskoh., i;,v., Kum«o«5M&n^v\M«. thw 
■ roh. m on., ■.:■■■■ ■■..!' - ■ (■...-■-^■■■■'-^''■^^^'' V-\l 




WORKS PUBLISHED BV LOCKWOOD ; 



fzre Engineering. 



FIRES, FIRE-ENGINES, AND FIRE BRIGADES. ■With 
a History of Maniml and Steam Fire -Engines, their Constnic- 
■Jon, Use, Slid Managetneat ; Remarks on Fire-Proof Build- 
ings, uid the PreiiervatiiHi of Life from Fire ; Stitistics oftlie Fire 
Appliances in English Towns ; Forei^ Fire Systems ; Hints for 
the forroacion of^ and Rules for, Fire Brigades i ajid an Account of 
American Steam Fire-Eiigines. By Charles F. T. Young, C.E, 
Aulhur of " The Economy of Steam Power on Common Raids," 
&C. With numerous lIlustraticMis, Diagmma, &c, handsomely 
printed, 544 pp. , demy Svo, price ll. 4^. cloth. 

]| IjOLik upon a scibjvt whiiiH pwsesucK a mda and 

. . To ftUqb af OUT rndere au are interexted in tlie 

mcei hCBTtilf^omAend Lhsboc^ .... 

have upon iTw subject," — jSftgtMvritt/r. 

-.a Mr. VouDg liir haviaa brciughl beface Iha 

his hitherto untiodden nelil Wo tcioiv;!/ 




ffanteal of Mining Tools. 



MINING TOOLS. For the use of Mine Mauageis, Agents, 
Mining Students, fitc By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol Scliool of Mines. lamo, 31-. (tJ. Wittl 
an Atlas of Phitcs, containing 235 lUuatrationi. 410, 6j. \_Raidy. 
• We ooidially cammatd ihcsc jairs Id di 



bFlUKllEr>"<l 3II qii»Hon 



and much needed ct 

1 industry."— M«:*<in&i"Jf^a- 



hy tiie'itudy'Sf Mi. Slo'i^^rMMU^T'— Ceflwiy 



1, (jptabia, ManoBet%,^and_ Viewers may rain 



^T^im^ Sept. ath, i8;i, 
l^'A irery valuable workj which it ia not '-anreacDnabie to imppaRC^ if it lieeatcrajlp 
Ifcenup. will tend nialcrially to iiuprovcour iilining Hieraiure."— ^/um^ Tmitim/, 
Eifft, 91I1, 1871. 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, ' 

C.E., Resident Engineer, Fi>rest of Dean Centtai Railway. With 

munerous Diagrams. iSmo, 21. 61^. cloth. 

■" As a Eeally handy book for reforeiice, we know of no 

uhvay en^eersand otherb employed in tht meuuremeDI and g lcu J at J o n of earth- 




rfii 



WORKS PUBLISHED BV I.OCKWOOD & CO. 



Field-Book for Engituers. 



THE ENGINEER'S, MINING SURVEYOR'S, and COX 
TRACTOR'S FIELD-BOOK. By W. Davis Hasicoli,Q 

Kngjnetr. Second £djlion,-inuch enluved, < * " ' <■ ' 
of Tables, with Rules, ExpUnatio-' "'■ «■-•— 



isting of a 
_ . . . . , , IS of Systems, and Use of 

dolile for Traverse Suryeying and Ptottii^ the 'W ork with. D 
accuracy by means of Suaight Edge and Set Square onl) , LtvcE 
with the Theodolile, Casting out and Reducing Leiels t I 
and Plotting Sections in the ordinary manner; Settii \ 



with the TfieodoUte by Tangential Angles and Mullii It 

and Lcft'hand Readings of th ' " " 

without Theodolite on the I 



t the Instrarocnl ; Setting 



^H Taneenta 
^^E culated I 
^H^ I3III0, pr 



and Oflscts ; and £ 
culated for every 6 incbcE in def 
I3III0, price tax. clolh- 

A WIT lu^ woA for [h« jBictioJ e 



K whkh will ba u 



B imauit oT valuable lit 
labia prcpaied with the accuracy aod lulncn ol Uiok given in i 

"Tbcbdok it very handy, and the author mr|[b( have aildcd tlu 
Chf unci and iBiurenti to every Riin cite will make it ukcTu] formui] 
ectiuine invent ublct etinmg all the nmt."—AliCK^m. 

" The worlt [ormi a haadHnie pKkel vatun». and camiiit TaiL 
and utility, to be extcmively patromied by the engincerinf p 

n collectlm 



Iter field-book at n 

r. Hailcall bu giveD," — Artaam. 

" A lerics of tablet likely to be very useful to many dvil enginei 

"Avery useful book of tables for cipeditlna field'Worlc opera 

litlon hu been mudi enlarged"— .^fAnviirP MAgatiHt. 

" We itrungly recommend this second edidoa of Mr, Haakoll 

*a»eB of mrveyoTB." — Cotiitry Guardutn, 



Railway Engineering. 

THE PRACTICAL RAILWAY ENGINEER. 



Public Traffic ; embracing on Account of the Principal Worlu exe- 
cuted in the Conatniclion of Railways ; with Facts, F" "' 
Data, intended to assist tbeCivil Engineer in designing at 
the important details required. By G. Drysdai,e Demfsey, Cjg 
Fourth Edition, revised and greatly extended. With 71 dotflP 
quarto Plates, 72 Woodcuts, and Portrait of George SrsPHESS^ 
One large vol. 4to, 3/. tls. td. doth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS- .: 
Thomas_ Stevenson, F.R.S.E., M.LC.E. Reprinted an^'b 
Inrged from the Article "Harbours," in the Eighth Editionoffl 
Encyclopaedia Brilanmca," \«1\1.V \o ■S\a.\K!. a-^ - - -^ 

Svo, los. 6d. doth. 
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Bridge Construction in Masonry, Timber, and 
Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasnrement of sdect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
tile addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. izi. 6aL 

*' Out <i^ the very few work^ extant desceadiDe 10 the level of ordinary TDUtiae, and 
Kadng an ihe comnion cvery-day practice of the railway engineer. ... A work oT 
ie preteilt nature by a man of Mr. Haskoira ej:pcrience, mu&t prove invaluable to- 
uodndfi. Tlie EBbLe.s of escima^es appended Lo this editioa will copsiderably enhanog- 

" We iiiu.>!tciipress our cordial approbation of the viorVJuit issued by Mt, IIa.sli(>ll. 

lie authw has compUed a aeries of estimales which cannot fail lo b« of SBrlec lo the 

e safdy followed."— JTBiftta/ Nena. 

" A very valuable volunie, and may be added usefully 10 the tihrjry of every young" 
Dgineer. ^^^BuUder. 

"An excellent £elcc£iau of examples, very carefully drawn to useful scales of pi^ 

Matkemaiical and Drawing Instrummts. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMEffTS employed by the Enmee^ 
Architect, and Surveyor. By FREDERICK W. SlMMS, F.G.S., M. 
Inst. C.E., Author of "Practical TnnneUiog," Ac &c Third 
Edition, withaDescriptionof the Theodolite, together with Instruc- 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With □umerous Cuts. iJmo, piice 3/. dd. cloth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial Svo, price 8j. cloth. 

*,' TTti small remaining stock 0/ this work, which has been un- 
ohtainabUfir some lime, has just been purchasid by LocKWOOD & Co. 



Obliqi 



A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 lai^ folding Plates. By Geo. Watsok 
Buck, M. Inst. C.E Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial Svo, lii. cloth. 
"The standard lexL-book for all enginccis regArding skew arches, is Mr. EockV 




CIV L UNGINEER NG By I, w uidC R. BunNin.i. J 

DRANtTOD TR TS AND LANDa B O D, DiH]>sev. 

DR* N NG AND SEWAGl. OF OWNS AND BUILDINGS. B» ^>«li"i. 

G. D. Dkhiiiv. u. ' »- 

WELL-SINKING, BORING, AND PUMP WORK. By J 

REviicUbyC. R-BuniELL. ti. 
ROAD'MAKINa AND MAINTENANCB OF MACADAMISED KOAI81J 

By Gkn. Si. J. BuMGovKt 11 W, -"" 

AGRICULTURAL ENGINEERING. BUtLDINGS, MOTIVE 1 

FIELD MACHINES. MACHINERY AND IMPLEMENTS. 

AOUBEVIS, CE. ii. 
ECONOMV OF FUEL, By T, S. Pkhbaux. u. firf. 
EMBANKING LANDS FROM THE SEA. By J. WiuoiNS. m. 
WATER POWER, u applied 10 Mills, 8ic By J. Guvnn. «. 
GAS WORKS. AND THE PRACTICE OF MANUFACTURING .J 

DISTRIBUTING COAL GAS. By S. HughK5, CE, y. 
WATERWORKS FOR THE SUPPLY OF CITIES AND TOWNS. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARIATt 
OF THE NEEDLE. By T. Fbnwick, with Addiiiomby T, Bakml i 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stbten 

J3VDKAUI.IC ENGINEERING. By G. R. Burhell. 31. 

RIVERS AND TORRENTS, with Uie Method of Ri^kilimi thdr CoiUH^ 
Chiuin=l5.NanB»blcCaDiiU,&c.,frQinilieIlaliMofPAULrW — " « 

COMBUSTION OF COAL AND THE PREVENTION OF SMOEK. A 
C. WvB Williams, M.l.C.E. 31. 

WATER POWER, an ipplitd to Mills && By J. Ci.™k. u. 

CNE ENGINES miu STEAM VESSELS ani> ™e SCREW. 
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ARCHI TECTU RE, &C. 

isiruciion. 

? THE SCIENCE of BUILDING : an Elemenlary Trestfee 
I'.theFrinciplesof Construction, By E, Wvndhah Tarn, M.A., 
I Ardiilect. Illnstrated with 47 \\'oo(l Engravings. Demy Svo, 
'ce Si. Ctf. cloth. [Stctntly puilis&fd. 

ryj^lf^blc book, whii:h we fitrongly recomniend Ed hII students," — 'Bml/itr, 
Ct vaJmble little volnrnc is qu^Ee snfficLflnily nnfldiiEc H> uiiwor 
ed, it is written in a style that wUl de&crvodlv mako it popular. 
tlmnerOUS and cs^ecdinEly well executed, and the tteaUBe doe. 

Jthor and the piihlisher,''— £»^wr, Feb. 17. 1S7.. 

[o ^urchitedural student sbdidd be without thu hand-book of niDftnictiODid 

. lar rrom belne a hktc conipiladon ; il Is an able digKt of ' ■ 

ia wbklt iK only to be fDund scattered thraugb various works, and contaiw J 

P leally original writing Iban many pi iinng forth tar stranger claims to originality." fl 

-•ton's Pocket Estimator. , " 

:THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of eslimatinc the various parts 
of B Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the presmt value trf material 
and labour. By A. C. BEATON, Author of ' Quantilies and 
MeasureinenlB,' 33 Woodcuts. Leather, waistcoat-pocket siie. zf. 

Beatoii s Builder^ and Surv^ors' Technical Guide. 

■ THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BU ILDERS AND SURVEYORS : containing a Complete 
ExpIanatioQ of the Terms used ia Boildiog Construction, Memo- 
nrada for Reference, Technical Directions for Measuring Worlc in 
all the Building Trades, with a Treatise on the Measurement of 

, Timbers, and Complete SpecifiealionB for Hoxises, Roads, and 
Drains. By A. C. Beaton, Author of ' Quantities and Measure- ■ 
menls,' With ig Woodcuts. Leather. Waistcoat pocket size. J 
, INiarfy tfad^-M 

"ilia Architecture. ^ 

A HANDY BOOK of VILLA ARCHITECTURE ; being a " 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates, By C. WiCKES, Archiiecl, 
Author of " The Spires and ToK-ers of the Mediieval Churches of 
England," &c. First Series, consisting of 30 Plates; Second 
Series, 31 Plates. Complete in I vol., 4to, price il. loj. half 
I morocco. Either Series separate, price i/. "js. each, half morocco. 
** The whole of the designs Licar evidence of (hsr being the work of an artistic 

The Architect' s Guide. 

THE ARCHITECT'S GUIDE; or, Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Conttaciors, Builders, Clerks of 'Navlsi, &.t. &i "^ , '^tN'-a 
Hassoi-l, C.E,, R. W. Bii.usGS, A-tcltiAssi,"*. ■ft-o^^'*-'^. ™*- 
P. Thompso.v. With nomerous tspemmeiAs Vj Ci- ^■«.'«»"» 
^ C.E., &c. Woodcuts, i2ino, c\oA, t"ce V- <>''■ 
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I 

■pSfrwi'f'w/ Architecture. 

V THE ARCHITECTURE OF MARCUS VITRUTIDS 
■ POLLIO. Tnuiilatcl l.y Joseph Cwit-T, F.S.A., F.R.A.S, 
^^ Numerous Plulc*. lamo, uloth Ump, price 5i~ 

r 



^he Young Architat's Soak. 




HINTS TO YOUNG ARCHITECTS. By Gborge Wicm- 
wttK, Architect, Auihor of "The Palnce of Architeciure," ftc.il 

Second Eclitjoii. With numerousi Woodcuts. Svo, 7/., citn clutt. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATTVI 

BUILDER and YOUNG STUDENT in ARCHITECTURE. 

By Georos PynE, Author of a " Rudhnentary Treatise on Pa- 

spective for Beginners." With 14 Plates, 4to, Ts. 6d., boanU. 

CoHTiHTS.— I. PnctkaL Rulec on Dnwlng—Outtinei. II. Ditto— the Gicda 

wkI Konip Olden. III. Pnctkal Ku1» on Dnwint^-PsnpKlive. IV. Pne£ 

RuJei on Light and Sliadc V. Pncliai] Ruls on Colour. &c. ftc 

Drawifig for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERUt 

DRAWING, By John Maxtun. Insln.tlor in Emna ' 
Drawing, South Kensington. With upwards of 300 mtcs 
DiHgt-ams. lamo, cloth, strongly bound, 41. Id. [Naairt 

Cottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, 
COUNTRY HOUSES; being the Studies of several emi 
Architects and Builders ; consisting of Plans, Elevation^ and 
speclive Views ; with approKimate Estimates of the Cost oC c 
In 4to, with 67 plates, price l/. u., doth. 

Wealths Builder's and Contractor's Price Bo(k 

THE BUILDER'S AND CONTRACTOR'S PRICE BOC 
(LocKWoon & Co.'g, formerly Weale's). Published Amraal 
Containing Prices for Work in all branches of the Building T 
wilh Items numbered for easy reference, and an Append 
Tables, Notes, and Memoranda, arranged to afford detailed i 
mation, comtnonly required in preparing Estimates, &c. C 
Edited by the late Geo. R. Burnkll, C.E., &c iimo, \t. 

Wilh 'as aid thE prices for ill wncli connected wiih ihe bdJdine Irade may btt^ 
mated. "—BmldiHg Nms. 

"Cirefully revised, adminibly Brrangcd, nad clearly printed, it offers at a |^aoa 
ready metfaod of prcpaHng an cftiniBteorspeqificalion upon a bull that Ihunqocsd 
.1,- I _,^i.i- 1 — ii; afrerereoce m [he evenl of a diapule betwe ^ 



\ 



employed.*' — Enginst 
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fdoo^ of Specifications. 

, HANDBOOK OF SPECIFICATiONS ; or, Practical 
! to the Architect, Engineer, Surveyor, and Builder, in drawing 
iSpeciticatioiis and Contracts for Works and Conslmclioiis. 
Btrated by Precedents of Buildings aclually executed ^ eminent 
■' Is and Engineers. Preceded by a. Preliminary Essay, and 
IS of Specifications and Contracts, &c., &c., and expJained 
erous Lithograph Plates and Woodcuts. By Professor 
ls L. Donaldson, President of the Royal Institute of British 
;ts, Professor of Architecture and Coostructian, University 
London, M.I.B.A., Member of the various European 
s of the Fine Arts. With A Review of the Law of 
TS, and of the Responsibilities of Architects, Engineers, 
ers. By W. CUNNINGHAM Glen, Barrister-at-Law, of 
•Middle Temple. 2 vols., Svo, with upwards of 1100 pp. of 
\ and 33 Lithographic Plates, cloth, 2/. 21. [Published at 4^} 

rovolumeBdfi^iooiH^ (Logether), fDrLy^faur &pedt^tiQn» of executed 
m, Indudjjie tht spcci^aliops Cur p9It^ 01 the new Uduus □[ PaTliamenI, 
I Biny, and for Ihc new Royal Eichange. by Mr. TiW, M.P. The 
culac, IS 1. vecy compleU and rcni:>rtL>ble 3oi:uinenC. . ll embodies, la a 
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^jteckanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Maehinety, Mechanical Manipulation, Manufac- 
ture of tbe Steam Engine, &c &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By FRANCIS 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines— Blast, Refining, and Reverberatory Furnaces— Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy Svo, cloth. 
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Grantham s Iran Ship-Bteil^ng, ejtlargdM 

ON IRON SHIPBUILDING ; wilh Practical Runjf 
DtUUs. Fifth Eitilion. Imp. 410, boanls. enliu|<nl Anaa 
PUIn (SI quile new), including the lateit Erampla. V 
with Kpanite Tnt, tzno, doth limp, obo cunsMcnUj'flj 
By John Grantham, M.Inst. C.E., &c Price 1/, uif 
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CARPENTRY, TIMBER, &c. 



fse^o/d's Carpe^ttry, new & enlarged Edition. 

6f"HE ELEMENTARY PRINCIPLES OF CARPENTRY : 

K."Treatise on the FcesEure and Equilibrium of Timber Framing, the 

Rtesistance of Timber, and the Coofitructian of Floors, Arches, 

;iidees, Roofs, Unidng Iron and Stone with Timber, &c. To whict 

added an Eisay on the Nature and Properties of Timber, Sc, 

'^ Descriptions of the Kinds of Wood used in Building ; also 

irous Tables of the Scantlings of Timliei for dificirnt purposes, 

.Specide Gravities of MateriiUs, &c. By Thomas Tkedoold, 

I. Edited by Petzk Bablow, r.R.S. Fifth Edition, cof- 

_ icdand enlarged. With 64 Flates (II of which now Eirst appear 

ttiis edition). Portrait of the Author, and several Woodcuts. In 

toL, 4to, published at 2/. 2j., reduced to \l. 51., cloth. 

Carpentry' Duglu 10 be in every atchiiect'a and every builder's 




llie additiooa^ plates ue of great tnrrin^ 
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y's Timber Tables. 

VTHE TIMBER IMPORTER'S, TIMBER. MERCHANrs, 
'imA. BUILDER'S STANDARD GUIDE. By Richard E. 

KIkANDV. Comprising : — An Analysis of Deal Standards, Home 
■Bod Foreign, with comparative Values and Tabular Arrangemetils 
1^ Fixing Nett Landed Cost oo Baltic and North American DCsIs, 
Bucltiding all intermediate Expenses, Freight, Insurance, Duty, &c., 
VsC- > together wilh Copious Itiformation for the Retailw and 
Snilder, izmo, price "js. dd. doth. 

, a^aiDakew^^itiahDMofdiatorialcvici 
inat the class 10 Wbom it atifiaits requires." — 
culty wclnveisutawhAtis >40T in il5pa£C5. WMtvre have te&Ied 

'^/or Packing-Case Makers. 

iftCKING-CASE TABLES; showing the number of Superficial 
' ' " or Packing-Casas, frora six inches square and 

. mpiled by WiLUAM Richaudson, Accountant, 
g 4I0, doth, price 3J. dd. 
iBiKb hbi)M»ndMlnu lMlM tn|Miiiay<M«B»kMiMAiib« 



irickA, (uduioiiaj 
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Nicholson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK «( 
for CARPENTERS : comprising all the ElemenlaTT B 
cucatuJ for acquiriD(< a knowlci^e of Carpentiy. FoiniU 
Iftte pKTER Nicholsoh's sUindatd work. A new YMm 
hf ArtHVtL AsKPiTEi. F.S.A., together with Pmdicall 
Drawing, by George Vihr. VVilh 74 Plates, 410, i!. U 

Dowsing's Timber Mercliant's Ccnnpanion, 

THE TIMBER .MERCHANTS AND BUILDER'S 

PANION ; conliiining New and Copioii5 Tables of the 

Weigh! nnd Measurement at Deals and Battens, of illd 

Oat to a ThoiiMLnd Pieces, and the relative I'rice Ibit 

bcws per Lineal Foot lo any given Price per PetersbiUElil 

Huivdred ; the Price per Cuiie Foot of St[ttareTiinbMtoi 

Price per Load of 50 Feet ; the proportionate Value of I 

Baitens by the Standard, to Square Timber bytheLoadnC 

the readiest mode of ascertaining the Price of Scanllingf^ 

Foot of any siie, to any given Figure per Cube Foe*. 

variety of other valuable uitormBlioo. By W1U.IAK IT 

Timber Mcrchanl. Second Edition. Crown Svo, 3;. dll 

" EverylhiDf U ai condiie and dear u il can pobibLy be n»de. DiBN 

dmibc that every timber mcTrJuuituid builder □ugbitQpoBKStu.bflcuB' Did 

would, wilh me, unquBlioiuibly tmvt a nery great deal of iIik ud. BCm 

perfect accuracy ia oJculations, There i« mlw apothc clau bcstdEtthdd 

to pnHteii it ; we mean all perNin* engaged in canons wood, icplieA It ii 

afcernuD ill weiehtr Mr, Dowsing'^ uUca jwovide an eaiy meau nf 



MECHANICS, &c. 



Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHO 
PANION, and THE SCIENTIFIC GENTLEMAN* 
TICAL ASSISTANT ; comprising a Rreat i 
nsefiil Rules in Mechanicn! Science ; with n' 



Tenth Edition, with Mechanical Tables (bt 
Smiths, Millwrights, Engineers, &c. ; together with aert 
and Practical Kaics in Hydraulics and HydrodyaBmie^ 
of Experimental Results, and an Extensive TaUe of Fi 
Roots. II Plates. i2mo, 51. bound. [Sectntlji 

' A> a leit-boek nf refe 
" Admirably adapted to the wants of a verylar^ clas, Ic hai 



ftneer's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templkton. 4II1 Edition. iSmo, zs.kd. cloth. 

■rhich places it wiihip the reach ciT Ihe humblest ineclianic, cannoi fail 10 com- 
Ihs sale iliich il diservci. Witb tbe utmost canfidEiice we cuIiiinctKi Ibis Ixuk 

ivcry meclBnic Bhculd bflcome the p«sesw>rnf the valume, and a mort Buitlblc 
-'- ~- in apprealica to any of the mrchonLcBl tiAdcs couid nol pijfiiiibly tK made." 

s^ning^j Measuring, and Valuing. 

THE STUDENT'S GUIDE to Ihe PRACTICE of MEA- 
SURING, andVALUING ARTIFICERS' WORKS; containing 
XUrections for tatdng Dimensions, Abstracting 1he5ame,aiul bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for Ihe Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Paioterand Glaaer, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
EdidoQ, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wvndhai( Tarn, M.A., Architect. Svo, 
itM. 6d. cloth. \y,atpaiiiM. 

rhis useful book sbotild be in every archilect's aud builder's office. It contibis 
It udDUDl of Lifacmalion absolulely necessary to be known. "—rAc Iriih Buildtr. 
rbe book a well worthy the attention of the shideiit in archi lecture and Eurreylng, 
f the caretiJ amdy of 11 his progress in his profe^oon will be mudi facilitated."— 



failed to discovn-aD; 






Mr. Ten his well pcrfonned the task imposed upon him, and hat made i 
lerAdd valuable addiciODE, cmboiiying a Lar£;e amouni of infbrmatioD relati 
xchnicalities and modes of coiutntctjon employed in the sevcntl branches a 

i£nE trade. From Ihe exleni cf the information which the vc 

odict, and the care taken to secuti accuracy in every detail, it cannot tut to j 

L thoK of LtmdoD practitioners." — Collitry Cuttrdian, February ZDIh, 1871. 
Altogeiher the book is One which well fulfils the pronuie of its title-page, an 
thoTDUfhIy recommend it ta the da&s for whose use it has been compded- 

n 10 add that the book has been g"t up in eicellent ity' 
luddear, and the plates very well executed."— .^f^iu 

tperficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calcukled from i to atw inches in length, 
by I to loS inches in breadth. For the useof Architects, Surveyors, 
Engineers, Timber Merchants, Bvulders, &c. B-j ^msss Kk-k- 
Kjnas. Fcp. JJ-. &/. cloth, 
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\od's Tables, greatly enlarged and imprmed. 

^JBLES FOR THE TURCHASING of ESTATES, Freehold, 

rpyhold, or Leasehold ; Annuities, Advoneons, &c., and for the 

Bewing of Leases held under CathedraZ Churches, Colleges, or 

^er coiporatc bodies ; for Terms of Years certain, and for Lives ; 

1 for Valuing Reveraionary Estates, Deferred Aimoities, Nejtt 

■ * a, &c., together with Smart's Five Tables of Compound 

1 an Extension of the same to lower and Intermediate 

By William Imvooo, Architect. The i8th edition, with 

rable additions, and new and valuable Tables of Lognritbms 

more Difficult Computations of the Interest of Money, Dis- 

jwt. Annuities, &c, by M. F6dor Thomak, of the Societi 

Mit Mobilier of Paris. I3mo, Sr. cloth. 

*TMstiition\tkt iSi^) £ffh-s in many imfariaTtl pariicvlars 

tjhrmtr ana. Thtchaiga coniist, firat, in a vien cottBoaa^' 

W^fiUma^ arrangeminl ^ Ike origiHol TaiUi, an/Hnt/ierm 

'■^rtaiu Humtriail ermrs which a very cartful rcoiHoit of the ti/AbU 

I mailed thi preseni tditor to dhcouirj and secondly, in the 

'' ' cfpmctieal utility conferred on tki wori hy the introduetioH 

's now instrtedfir the first tinu. This nea artd important 

is ail to much actually itddid te iTiviQOTi's Tables ; nothing 

Jt abstracted frBnt Ike original collection ; so thai thou Tvho have' 

W long in the bahU of consulting Inwood for any special firofa- 

--' -- ■ sewili, as heretofore, find the information sought ilulin 
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Weometry for the Architect, Engineer, &c. 

\ PRACTICAL GEOMETRY, for the Architect, Engineer, and 
' Mechanic ; giving Rules for the Delineation and Application of 

vsrimis Geometrical Lines, Figures and Curves. By E. W. Tarn, 
I M.A,, Architect, Anlhor of " The Science of Building." &c. 

With 164 HhjElrations. Demy Svo. lar. 61/. [A'mf ready. 

"Compound Interest and Anmiiiies. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of Logaritluns for the more Difficult Computations of 
Interest. Discount, Annuities, &c, in all their Applications and 
Uses for Mercantile and State Purposes. With an dahonUe Intro- 
duction. By FfeDOR Thoman, of the Societe Credit Mobilier. 
Paris, uroo, cloth, 5j. 
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WORKS PUBUSHED BY LOCKWOOD ft Ctt 

SCIENCE AND ART. 



T'Ae Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. 

from Contribution* of Officers and othen connecttd wWl 
ofUie- 



ferent Services. Originilly ciJited by ■ Commillee ol 
Roj'tl Engineers, ^cond Edition, moEt carefully 
" - of the Corpi, with mnny additions ; containii _ 
ingi and many hnndred Woodcutx. 3 vols, njil 



r of the Corpi, with many additions ; containing i 

Enffmvingi and many hnndred Wool' " ' '' 

doth boanU, nnd Ictiercd, price 4/. 



-, — .-,, — ,-,^ cncydofHedui of mUimry luwwledae, tj 

" The mtnl OHnpnhoDkJvc work of Rfdnticfl 
Amoiifi the Iku o( cnntributorB^ sprac u»tf iy-4c 
l)w liiiluM il)iiincti«i In Ox wnicsi. . . - llie work ckin 

Vkeril That by fur tim larnr purlini vf it* KubjcctKhAve bcei. ^ 

prulktl tnim who havtbeen iueoBaiUuan. —fii/HilttrSmicrGiMi. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the AT 
of FORTRESSES. MILITARY, MINING, and R] 
NOITRING, By Colonel I. S. Macaulav, late Pwli 
Fortilicalion in the Royal Mllilsiy Acadetny, Woolwidi. 
Edition, crown Svo, cloth, with separate Atlas of 13 PlMe% 
price w. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WABES 
Properties, Applications, Valuation, Impurities, and Sopl 
For the Use of Dyers, Printers, Dry Sailers, BrokeiE, _. 
W. Slatzb. Post Svo, doth, price 71. 6,/. \Retmlly_ 

mon wlIL vffniM\.ii."—ScitHtific Rnian. 

"A compleiB eneyclopBdia of the inaltna iiKlnrm. The infonn 
Kspecllni each aniclc ii full and preciw, and Eha melhods oT dEIenninfn 
of articlci ncfa at these, sa liable to BDpbisClcatlon, 3i« given vtlh c1«n 
piseliHil as well ai vaJuablt"— CSfmi'i/ and Dmggisl. 

Electricity. 

A MANUAL of ELECTRICITY ; including GaJ 

netism, Diamwietism, Electro- Dynamics, Magno-EI<K:tri 
the Electric rae^ph. By Henry M. Noad, HuD., 
Lecturer on Chemistry at St. George's Hospital, FourUl 
entirely rewritten. Illustrated by 500 Woodcuts. Svo, l/.j 
" Thii puhliotiron fully bears out it* tills of ' 

" The cununendatioiis already bestowed in the paoes r>f the Zan 

fif ElecTtricity nnd ^vanism are not only complete m a scieotifLO son 
rarer tlung, arc popular and mtttesliti^" — LaiKtt. 
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\r-Book of Electricity. 

TIE STUDENT'S TEXT.BOOK OF ELECTRICITY: in- 

"ing Magnetism, Voltaic Electricity, Electro- Magnetism, Dia- 

elism, Magneto-Electricity, Thetmo-Electricity, and Electric 

raphy. Being a Condensed Resume of the Theory and Ap- 

'in of Electrical Science, including its latest Practical Deye- 

its, particularly as relating to Aerial and Submarine Tele- 

.. By Henry M. Noab, Ph.D., Lecturer on Chemistry at 

I Geo^'s Hospital. Post Svo, 40a Illustrations, 121. ftd. cloth. 

ar »tyl?, great range crflubjecl, a eoiKt 

jonsaa Lhc preKDtarc iadi^penaible." 

ty aod magnptism, smd of the 



cd, and weU printed, tTu u 
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dimentary Magnetism. 

KUDIMENTARY MAGNETISM : being a concise exposition 
of the genera] principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
Kew and enlarged Edition, with considerable additions by Dr. 
NOAD, Ph.D. With 16s Woodcuts, izmo, cloth. 41-. bd. 

\Ninti ready. 

"Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions tor the determination of the In- 

:' tiinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts, 
Second and cheaper Edition, post Svo, 9^, cloth, 
•• Wc recamincnd this bmk to the caraful penisal of every ode : it may be tmly 

,Krmcd to be of univereal interest, and we aCrongly recoQunend it Hi our naden u a 

•uide, alike indispensable ID ttie honsewifc ax to the pharmaceudcal pnuztidoner." — 

yftd&>U Timll. 
"The very l>esc work on the subject the English pres^ has yet produced," — Me. 

Jtamc^ Magatiiir. 

Practical I 

L SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev, 
:n Cark, M.A., late Fellow of Trin, Coll., Camliridge. Second 
ion. iSmo, Si. cloth. 
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m6 WORKS PUBUSIIED BV LOCKWOOD & C 

Science and Art. 

THE YEAR-BOOK of FACTS to SCIENCE 

hibiUng the most tm[K>runt ImproTemeiits ajul DUom 
Pasl Year in Mccbtnici tai the UBcfiil Artk, Natoul E] 
tlleciricity, ChemUtiy, Zoology iiul Boiaay, C<;ol<^ U 
rsltH^r, Meleuroloey Mid Asttonumy. By^OilN Titm 
Aulhur of "CuTMtllin of Scienue," "Tliiiies not 
Known," &c Witb Hl«eL Pi>nraU and Vignette. Taf, 

",* 73ii Bw*, fiUithai anmtatly, rteerdt the , 
frmeifAl tfifUi/u nxitlUtt ami it uuiiijmnatle it aHi 
fttfti) a faUkful rtttrd ff Ike iilat HtnvOia ' 

The bock Volumes, from lS6i lo 1870, k . 

Ponrail, ud an eKtra Volume /or 1S61, with Pbulogn^ 
1j« had, price %t. each. '" 

" Ptnurit who wkh for a conciiQ annual fiumn^ry ol ImyimXaail: 
flnillheirdouit inOiB'YoM Book of ruuu-'"— .4 Mcnnnii, 

"ilwitiiuludwarltoriudui. Mt.Tunbi^'Ycjr Buoli'i»«Iini)(»B( 




Science and Scripture. 



SCIENCE ELUCIDATIVE OF SCRIPTURE, Ms 
ANTAGONISTIC TO IT: being a Scries of Esq 
Allied Discrepancies ; 2. The Theory of the Geob 
Figure of the Earth ; 3. The Mosaic Cosmt^ony ; 4. 1 
general — Views of Hume and PoweD ; 5. The Miracle rf 
ViewE of Dr. Colenso : The Supematurally Impoiuble 
Age of the Fixed Stars— their Distances and Masses. "" 
J. R. YouNO, Author of " A Course of Elementary 1 
Sic. &Q. Fcap. 8vo, price 51, doth lettered. 

early tena of Gcdceu, in 



" DktiiwuUhed by the truQ 1 
logicaJ abutly. 0dd by & style i 



"The auihor hasdUpbr 
IhtobjectLonl alluded tn . 

qrimioatomiih from r -■ '--■ -"^'-- -- -""-■ ■--' 

The worlc, ihERfon, I 




; TWIN RECORDS of CREATION; or, Geology and 

" , their Perfect Harmiray and WoniierfQl Concord. By 

'. W. Victor Le Vaux. With mimeroua'I"— -' — 



Lleresting z^\ds to a 

« nich an unbAawlcd 
Umccd 10 a nicety ; aod 
^enly poJsed» woilld Ijc 



^g iTi With UBtrunivF ecalDgical lacU, 



Physical. 

PHYSICAL GEOLOGY. (Partly based on Major-General 
I Portlock's Radiments of Geology.) By Ralph Tate, A,I_S., 
' F.G.S. Numerous Woodcuts. 12x00,31. [Ready. 

poiogy. Historical. 

■ HISTORICAL GEOLOGY. (Partly based on Major-General ■ 
Portlock'E Radiments of Geology.) By RALPH Tate, A.L.S., 
F.G.S. Numerous Woodcuts, latno, 2r. &/. [i^Wi'. 

^ood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
. Hints on Etesign. Tiy A Lady. In emblematic wrapper, hand- 
somely printed, with Ten lai^e Plates, price 2s. M. 
fTbabaodicnifi of the WDod^arvcr. sfj well as a boalc can impart IL, may beleaml 

r' A Lady* ' puUkfltmn." — AtAftr^imu 
^lai fraelU-al guidt. It is very compltle.'— iil»™>y Churekman. 
iftie direciioiis given art plain and emily undfruood, and it fonm a vaygood 



apular Work on Painting. 

PAINTIKG POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art, By Thomas John Gollick, 
fttinter, and John Times, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small Svo, ds. cloth. 
"»* This Work has been adopted a£ a Prize-book m the Schools 
of Alt at South Kensington. 
fAimiklhal maybe advaBugeously comulled. Much may be Icaoied, oral ly 
■Si^ralis^"-.^'^^™™ ecar=u perusa ^ 
ti Bdpplie!! a want, \\ cnntains a large fimnuat of anglaa] 
d, wd will be fouAd af vhluc, u well by the young; artisL 
[be gencjfli reader. We give a cardial weleoDH to the boDk, 

lal we can heartily tecommenl xo iV '■^ -ok ^hscxka *A. 
dinirain agood^al^." — Daily Nnu3- 
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"Delatnoiles Works on Illumination &Alpk 

A I'RIMER OF THE AKT OF ILLUMINATION. 

vat uf Reginncis : wilh a. Rudimentary Treatise on the At^ 
lical I>irections far itt Exercise, and numerous Exunphi 
from t Hum inated MSS., printed In Gold and Col oun. SfF, 
MOTTK. Small 410, ptice 9f. Elef^tly bound, clotb Mutf 
"Ahinilji1x>Dli, bmutirully iUiuDitril: Ihe lalDr which is wall iiilIUi^ 
kMd M ba iiiifut. . . . 'niceiauiiplBDrinncnlMSS.recaiDiiieDilalraai 

lich. vrilh miich good miK, tlui luihor chnaia rnm 1 1 lli 1 li iiniMin 

■cUd with juilgnicnl and knowLedgt, u weII u Ivk."— ^f^omx. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLE 

from the Kighth Century, with Numerals ; includiag < 
ChuTch-TexO*!^ '•'"^ «ma!l, German, Italian, ArabesqiM; \ 
for Illumination, Monaeruns, Croisei, Sec. Ac, for the 
Arcliitectural and EnHneering Draughtainen, Mixul ft 
MMont, Decorative Pamters, Lithngrapher^ Engni«n^ C 
&c &c. &c. Collected and engraved Sty V. DELMir 
printed in Colours. Royal ttvo, olilong, price ^, clotlb 

nil or mwiy vE«rt* tludy 

nd (ild«d cnalitn, who ,_, ._, , , . 

lb with pithy sejilcDcct ttom U>q Dcmlofue, ibk book will be tuefuL"— 

Examples of modern alphabets, plain and o 

MENTAL: including German, Old English. Saxon. In' 

■pective, Greek, Hebrew, Court Hand, J^ngrosdn^ 

Riband, Gothic, Rultic, and Arallesque ; with several 

Designs, and an Analysis of the Roman and Old ED|^tdl 

liets, large and small, and Numerals, for the use of Dnt^ 

Surveyors, Masons, Decorative Painters, Lithographers, Ei^ 

Carvers, &c. Collected and engraved by K. Delami — 

printed in Colours. Royal Svo, oblong, price 41. cloth. 

^' To artiin of oUcIbku, but more espBcuiIIy to urchiLecEs And owiavsitlN 

buuUonie book wUl be bivaliuble. There it coiopriied in it every »w*bk * 

which the letien 0/ the nlphihet and oumenlican be formed, and Iba ti' 



MEDIi«;VAL ALPHABETS AND INITIALS FOR 

NATORS, By F. DEi^MoriE, Illuminator, Det_„ 

Engraver on Wood. Conlaining zi Plates, and lUnminated 

printed in Gold and Colours. With an Introduction by L " 

Brooks. Small 4(0, fis. cloth gilt. 

" A TDlumc iu which the tellers of the alphabet come forth glorified is gil 

all the colourt of the pnBm inrcrwoven ancf iniertwipcd and intemut^tod, i 

with A »rt ofrunbnw axabesqiie, A poem embEazoned in thue characton'- 

oaly companble la one nf those de]ii.->aui Jove Je Iters lynibolized inaboDchd 

wdl •ejected and cleverly airanged."-^™. 



Heal Devices, Mediieval and Modem Alphabets, and N 
ErabJeme. Collecled and engravei 'o-j "E. Oi.\j,»cnn 
printed in Colours. OUoiiETQjat&vo, it.dd.moi 
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Text-Book for Architects, Engineers, Su^rveyors, 
Land Agents, Country Gentlemen, &c. 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS, in all their several and 
varied Professional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Property ; together 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor. To which are added several 
Chapters on Agriculture and Landed Property, by Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo, price i/. Ss. cloth. 



CONTENTS. 



Arithmetic. 

Plane and Solid Geometry. 

Mensuration. 

Trigonometry. 

CoNTc Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

Computation of Areas. 

Copying Maps. 

Railway Surveying. 

Colonial Surveying. 

Hydraulics in connection 

WITH Drainage, Sewerage, 

and Water Supply. 
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Timber Measuring. 

Artificers' Work. 

Valuation of Estates. 

Valuation of Tillage and Tenant 
Right. 

Valuation of Parishes. 

Builders' Prices. 

Dilapidations and Nuisances. 

The Law relating to Appraisers and 
Auctioneers. 

Landlord and Tenant. 

Tables of Natural Sines and Co- 
sines ; FOR Reducing Links into 
Feet, &c. &c. 

Stamp Laws. 

Examples of Villas, &c. 



To which are added Fourteen Chapters 
LANDED PROPERTY. By Professor Donaldson. 

Chap. I. — Landlord and Tenant : their Position and Connections. 

Chap. II. — Lease of Land, Conditions and Restrictions ; Choice of Tenant, 

and Assignation of the Deed. 
Chap. III. — Cultivation of Land, and Rotation of Crops. 
Ckap. I v.— Buildings necessary on Cultivated Lands : Dwelling-houses, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, RoacS, Fences, and Gates. 
Chap. VI. — Plantations, Young and Old Timber. 
Chap. VII. — Meadows and Embankments, B«ds of Rivers, Water Courses, 

and Flooded Grounds. 
Chap. VIII.— Land Draining, Opened and Covered : Plan, Execution* and 

Arrangement between Landlord and Tenant. 
Chap. IX. — Minerals, Working, and Value. 
Chap. X. — Expenses of an Estate. 
Chap. XL — Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights, of Royalties, and of Fee 

Farm Rents. 
Chap. XII. — Land Steward and Farm Bailiff: Qualifications and Duties. 
Chap. XIII. — Manor Bailiff, Woodreeve, Gardener, and Gamekeq)er : their 

Position and Duties. 
ChsLp. XIV.^Fixed Days of Audit: HaU-vcatVv "Pvj^'o. Ql^«x\&y^^T«i.^S. 

Notices, Receipts, and ol Ca^'BooVs* ^eassa^^^vft ^\^*^ 

tates, &C. 
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" JVo Englishman ought to be without this book! 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin. 
ciples of Law and Equity. By A Barrister. 9th Edition, 
carefully revised, including a Summary of the New Bankniptcy 
Laws, the Fraudulent Debtors Act, the Reported Cases of the 
Courts of Law and Equity, &c With Notes and References to the 
Authorities. i2mo, price dr. &/. (saved at every consultation), 
strongly bound. [Now ready. 

Comprising the Rights and Wrongs 0/ Individuals, MercantiU and Com- 
mercial Law, Criminal Lmv, Parish Law, County Court Law^ 
Came and Fishery Laws, Poor Metis Lawsuits* 

THE LAWS OF 



Bankruptcy. 

Bills op Exchange. 

Contracts and Agrsembnts. 

CopyRiGHT. 

Dower and Divorce. 

Elections and Registration. 

Insurance. 

Libel and Slander. 



Mortgages. 

Settlements. 

Stock Exchange Practice. 

Trade Marks and Patents. 

Trespass, Nuisances, etc. 

Transfer op Land, etc. 

Warranty. 

Wills and Agrbbments, etc. 



Also Law for 



Landlord and Tenant. 
Master and Servant. 
Workmen and Apprentices. 
Heirs, Devisees, and Legatees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants. 
Partners and Agents. 
Lender and Borrower. 
Debtor and Creditor. 
Purchaser and Vendor. 
Companies and Associations. 
Friendly Societies. 



Cleii^ymen, Churchwardens. 
Medical Practitioners, &c. 
Bankers. 
Farmers. 
Contractors. 

Stock and Share Brokers. 
Sportsmen and Gamekeepers. 
Farriers and Horse-Dealers. 
Auctioneers, House-Agents, 
Innkeepers, &c. 
Pawnbrokers. 
Surveyors. 

Railways and Carriers. 
&c. &c. 
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No Englishman might to be without this hook . . . any person perfectly unin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; an4 thus on manj^ 
occasions save the expense and loss of time of a visit to a lavryer.** — Engineer ^ Jan. 
28, 1870. 

*' It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish t 
abolish lawyers' bills." — Weekly Times, March 6, 1870. 

*' With the volume before us in hand, a man may, in nine cases out of ten, dead 
his own course of action, learn how to proceed for redress of wrones, or recove?/ c- 
rights, and save his pocket from the dreaded consultation fees and the incalcub' 
bills of costs." — Civil Service Gazette, May 23, 1868. 

" We have found it highly satisfactory as a work of authority and reference, 
handy-book of information. There is abundance of cheap and safe law in thi5 
for all who want it." — Rock, May 26, 1868. 

"A us&iv\ and concise epitome of the law, compiled with considerable care."—. 
Afagazine. , 
" What it professes to be — a compVele epVtomt ol ^€\vNs^il Vii»& twsscvr? ,"^<3^w>!4^ 
intellmble to non-professional readers. TYvt\iooV-\s ^ Wes«j c^^-t vq\^^^xs.^«*s^ 
acss when some knotty point requvres teadv so\uuotu —Bells Lx/e. 
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